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Chapter _!' iQlLOtliic tion 



The 98628 card is a data cowMunications card for the 9826 faMilj; of 
Mainframes. With its nicropr ocesnjor and periphe. <: I chips, the interface 
can handle the protocol Management and electrical levels of an 
asj^nchronous or synchronous (bit-oriented or by te-orie>nted) connection. 
The code currently being developed for the interfajce as parX-.of 1"he 
:^LyiN project will handle the asynchronous and #atast:3.n1{ isJ^ai^e only) 
protocols . This code vailT:"~be "described in other sections of this ERS , 
By changing the prograM on the card, other protocols nay be InpleMented 
in the future. This nay be done by downloading the card RAM from tlie 
Mainframe or by changing the card's program ROM - no new mainfrafie code 
shGuld be required. 

The 98629 card interfaces between the 9326 family of Mainframes and 
the I^NQLl^^erl^p^feral-l^nager.. It is a loading option of th 9862B with 
di-Fferent line receiver biasing, a new program ROM and an extra RAM 
chip . 

This ERS describes the hardware for both the 98628 and 98629 
interfaces. The '98628/98629' designation will be used to indicate a 
function common to both cards. Unique functions will be referred to 
with only the appropriate product number. 

Chapter 2 gives the specifications for the card. Chapter 3 will 
describe the theory of operation. Chapter 4 discusses the interface to 
the remote device. Chapter 5 documents the test procedure for the card, 
including the signature analy5i*i> tests, 
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Physical Description} 

Size; ~ 13.5 centimeters by 17 centineters 
Weight: 310 graws <11 ounces) 

£n virjinwental -Specifications ; 

Ter.perature: to 45 degrees Celsius 
HuMidity G to 8C% 

Electrical Cpecif icat ions s 

Card Power ConsuMption? 

98628; 

•*-5 'v'olts at 715 mA typical <6SC mA without ROM or RAH) 

+ 12 Molts at 37 f«'tA typical 

-12 Volts at 6C mA typical 

98629: 

+5 Volts at 745 mA typical (680 mA without ROM or RAH) 

+ 12 Volts at 37 r-iA typical 

-12 Volts at 37 mA typical 

Pod Power Consy^ption (supplied by the «ainfrri«e) ; 

+5 Typ +12 Typ -12 Typ 



Current Loop Pod 200 «A 90 «A 80 «A 

Ho den Pod 100 kA 45 r-.A 45 mA 

Data Link Pod 30 mA 160 mA 23 «A 

Hultipoint Pod 450 mA 400 «A 100 mA 

Note; Due to its large power requirements, sthe«ultipoint 
ipod will not be supported. 

Electrical Interface Conpatibility : 

RS-232C, V.24/V.28 
RS-449 
RS~423, V.IO 
RS~422, V.ll 
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Data Rates: 



Internal Clocking: Asynchronous: 19, 2K Baud 

Synchronous: Limited by firr.ware 

External Clocking: Liwited by fir«ware 
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This chapter of the ERS describes the operation of the 98628/98629 

carvi hardware. First, the block diagraw of the card will be discussed. 

Then, each of these blocks will be described in wore detail at the 
component level. 
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3.1: Busses 



As shown in the block diagran, the Z8C microprocessor (MPU), Z8G 
serial I/O <SIO), Z-BO Counter Tif.er Chip <CTC), program ROM and default 
switches are tied together by the internal Z-80 IS^bit address (ZA) bus 
and 8-bit data (ZD) bus. This bus belongs exclusively to the Z~80 MRU 
and cannot be accessed by the mainframe. No extra Z--80 WAIT states will 
_be added when a ccessijig devices on this_bus. . 

The shared RAM and registers are connected by the Shared 15-bit 
address (SA) bjs and B~bit shared data <SD) bus. tti'W5ar«fLltl?S---i£-iri~l>® 
M^MS^^.^t^m^s^B^Ls^.t:^^ :^'-^ C hPU ^r Ja^- ti^^^a ififr^pt B, The shared memory 
controller a r b i t r at esaccess to t h 1 s b u s . Gnce a processor begins a 
memory cycle, it will run to completion. If there are overlapping 
r.enor^ requests to the shared me-'mory, one of the? processors will be put 
into the WAIT state until the other has completed its memory cycle. The 
mMlnfraMB^& S^^-^^^ i" "^^"'^ case of simultaneous memory requests. 

When the mainframe accesses shared memory, 15 bits of its address 
bus and B bits of its data bjs are gated to the shared bus. This in* the 
only connection to the mainframe bus - it cannot be accessed directly by 
the Z~80. 

The remainder of this chapter will describe the operation of the 
card at the component level. All references to individual compon-::;n ts 
(i.e. Ul , R4, etc.) will refer to the revision A PC boards and schema- 
tic. The text will make more sense if the schematic is referenced. 
''Signal names fcllowea by an apostrophe <') are negative tru«. 

3^^2j^lj ^illDJ-§§.„I§<!iiiQOiIi9.0 

The Address Comparitor <U43) decodes the mainframe address lines to 
detect accesses to the card. Each I/O card has an unique address range 
de^pending on the select code. Address lines BA16 to BA20 are compared 
to the card select code from SU2 , Address lines BA23 to BA21 are 
compared to 'Cll' (the address space assigned to external I/O). The 
Address Comparitor is gated with the BAS' (Buffered Address Strobe) line 
from the mainframe tc guarantee that the address is stable, The P=Q 
output of the Address Comparitor goes low when the card is addressed. 
This signal will be referred to as MY PA'. 

When the card is accessed (flY PA' low), it pulls IMA' (I'm 
Addressed) line low (U35, 8--1C) and enables the DTACK ' (Data 
Acknowledge) buffer (U35, 11-13), DTACK' is originally high (inactive) 
but is later pulled low by the Shared Memory Controller circuitry, 

BLDB' (Buffered Lower D/ ta Strobe) from the mainframe, MY PA' and 
the output of the cycle enable flip flop (1)23; 1-4) are ANDad (U24;8-1C; 
U4;ll-13) to produce the mainframe shared memory request -iignal . This 
line is one of the inputs to the Shared Memory Controller. The cycle 
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enable flip flop guarantees that the Shared Menory Controller has ended 
of previous cycle before starting another. 

3j, 3_.2j. IOl§'CLii£l-ii: 

The Mainframe t^a^ enable or disable interrupts by writing to bit 7 
of register 1 , This bit is latched by the Interrupt Enable Flip Flop 
<U14r_Ar6J_^ 

Uhen the -98628/98629 ^irnware deterMines that service by the 
Mainfrafie is required^ it writes the condition to the Interrupt Cause 
Register < in RAM), The write will autowatically reset the Interrupt 
Request Flip Flop <U23: 9-11). This flip flop is set when the interrupt 
cause register is read by the wainfratte. If interrupts are enabled 
(Interrupt Enable Flip Flop=0), and service is requested (Interrupt 
Ro^quest Flip Flop™0) then the Interrupt Demultiplexer (U34) will be 
enabled. When enabled, the Interrupt Demultiplexer decodes the 
interrupt level switches (SW2, 6-!k7) and pulls on the appropriate 
interrupt request line (1R3' to IR4'). 

3„,2^3i_RESEI 

On powsr-up, the mainframe pulls on the RESET line to the 1/0 
cards. On the 9B628/9S629, this will reset the Z-80 'nPU by pulling on 
itiii RESET line and will clear the Reset Flip Flop (U15, 8-13) . 

The ria in frar.e nay also initiate a programr.ed reset oi" the c<iird by 
writing a '1' to bit 7 of register G. This reset is also latched by the 
Reset Flip Flop. 

The Rc^set Flip Flop has the effect of: 

•X Disabling rsainframe interrupts by setting the Interrupt 

Enable Flip Flop (U14! 1-6). 
« Disabling mainframe interrupt requests by setting the 

Interrupt Request Flip Flop (U23! 9-12). 
•X Clearing the hardware Semaphore Flip Flop, (semaphore busy) 
* Initializing the Z-8C CTC (U12) and Z-8C SIO (U27) by 

pulling on their RESET lines. 
•X Disabling the outputs of the Modem Control Latch (U6) to 

guarantee that the Terminal Ready and Request to Send lines 

will be in the 'OFF' state until initialized by the 

processor . 
■>i Interrupting the Z-8D MRU with a nonmaskable interrupt 

(KMI). NOTE: On power-up, only the HPU RESET will be seen 
the HHl will be ignored. 
X Initializing the baud clock dividers (U13) for consistent 

test signatures. 
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3^2,32 .Shared _Hef5or^ _C en tr oiler 

The address nultiplexer/latchn^s (U39-U42) drive the Shared Address 
<SA) Bus. Depending on the state of the Shared lieMcri; Access Flip Flop 
(U17: 1-6) the address froM the Z~80 or wainfrarie address bus is latched 
at the beginning of a shared neMcry cycle. 

In order to guarantee proper hold tirse for the shared r^enory 
read/write <R/W) control lines, the individual R/W lines froM the Z-80 
and Mainf ra^'.e are latched. The Z-80 RD' line? is held by an RS flip flop 
(U23; 13-15) to the end of a cycle. The f^ainfra^e BR/W (Buffered 
Read/U'rite) line is latched at the beginning of a cycle <U39; 2,15). 

The processor R/W lines are Multiplexed <U32; 5-7) to give the 
appropriate shared r.enory R/W control, "rhe output of the Multiplexer 
(U32~7) is SRD' directly. When gated <U36: 3-6) with the shared tte."«tory 
tiding flip flops, it becomes SWR ' . The tiwing on these signals will be 
described in wore detail later. 

3^3,..3i l5ta_Bu5_Transce.ivers 

There are two data bus transceivers (U44 and U45) to connect the 
S h a r e d D a t a B u si to e i t h e r t lie Z - 8 or the « a i n f r a m e data b u s . T Ij e 
<:! i r e c t i on of 1 h e s e t r a ri s c e i v e r* s i s c: o n t r o 1 !l. e d by t fi e a s s o c: i a t e d 
read/write circuitry from the Z~8G or the «ainfra«e. The appropriate 
transceiv'er is enabled during a r-.er.ory cycle by the sharped r.ef='iary 
arbiter as deBcribBdi later. The Shared Data Bus is inverted (active 
low). Data is inverted by the transceivers when data is read iir 
written . 

•:2i.;3 i.4 J „. Sh a r ed _..HeM c r y _ Ar b iter 
The shared weMory arbiter controls the shared Memory resources and 
generates the appropriate control signals. 

The two inputs to the arbiter are the shared Memory request signals 
frort the r'iainfraMe and the Z-80. As described above, the Mainframe 
request signal is generated froM MY PA',BLDS' and cycle enable. The 
Z-Sa requests shared r.eriory when ZhREQ'-=0, ZAlS-^^-l AND RFSH'-==1 ( U24 : 1-3; 
U30; 5-6 &. U4: 4-6). The appropriate request line is Multiplexed (U32*. 
2-4) to give? a shared r.enor}) request signal. 

The arbiter is clocked by the 3.68 MHz and 7.37 MHz systeM clocks 
as illustrated below. The 3.68 clock is derived by dividing the 7.37 
HHz clock (U19i 1-6). 
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Whenever a shared Mewcry cycle is not in progress, the Mainframe 
Shared Vienor^f Request line is sar^pled on alternate falling edges of the 
7.37 MHz clock (i.e, edges D, H & L) and is latched by the Shared HeMory 
Access Flip Flop (1)19: 8-13). This flip flop selects either the Z~BO or 
the fiainfrawe to control the shared Memory bus ^ia the select lines to 
the Multiplexers and transceivers. At the negative edge of the 3.6B HHz 
clock (i.e. B, G, K & 0), the address froM the selected processor 
(f,ainfrar*^ie or Z-BO) and BR/UI are; latched by the address r'.Lil tip lexer ^y 
latches (iJ39~U42). At the rising edge of the 3 . 63 HHz clock (i.e. edges 
A, E, 1 fk 'h') f the r,eMory request line of the selected device i:i> saf.pled 
by the first flip flop of the Shared Me.mcry Timing Chain (U17; 1-6). If 
shared f\€.t'i07-y is requested, this flip flop will be cleared which starts 
a sh a rez\ Me.i or y c y c 1 e : 

•X Disables (U24: 11-13 & U16: 4-6) the 
Access Flip Flop. 

the clock to the 



Disables (U16: 1 
<L]39-U42) . 
Generates SHREQ' 
(031 ,9-15) 
If it is a write 
(SWR') line. 
Enables (024:4-6 
transceiver (U44 



clock to the Shared Memory 
•3) the clock to the address multiplexer/latches 
to enable the Shared Memory Address I>e::CodBr 
cycle, activates (U36: 3-6) the Shared Write 



& U32: 9-14) the appropriate data bus 
or U45) for the selected device. 

If the Z-8C is selected, releases the Z-8C WAIT' input (U16: 

B-10; U36: 1,2,12,13, U4 : 1-3). 



At the next positive going 3.63 MHz clock edge, the next flip flop 
of the Shared Memory Timing Chain (U17, 8-13) is set which: 

•X- Inhibits (1136: 3-6) the SWR ' signal to end a memory write cycle. 
X If the mainfrar^ie is selected, generates the DTACK ' signal (U37: 

e-ic). 



The arbiter will remain in this state un 

releases its request line which disables (U24 

tr ansceive^r . At the next positive edge of th 

shared memory timing flip flop iU17 i 1-6) wil 

X Clears the second timing flip flop (U 

input . 
•X- If the memory cycle was intitiated by 
mainframe memory requests by setting 
1-4). 
« Releases the Z-80 RD' latch (U23: 13-15). 
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V: Re-enables the clocks to the shared Kewory access flip -f'lop 
(U19: 8--13) the acldress/wuliplexer latches <U39~U42). 

As an exanpls, a write to shared n€-:r'iory froM the nainfrane would 
work as follows; 

1) the Mainfraws begins its write to the 98628/98629 which 
generates the wainfrawe Shared Menory Request signal <U4~11). 

2) At the negative 7.37 MHz clock edge (assuwe clock edge B) , the 
Shared denary Access Select Klip Flop will be set. This will 
enable the Mainfrawe Multiplexer inputs onto the Shared .buses . 

3) At clock edge C, the address and BfsVW lines will be latclicd 
(l]39~U42) . 

4) At deck edge E, the first flip flop of the tiding chain will 
t^v clsvaiEd, Ihis will enable the H;WR ' and SKREQ' lines ta the 
shared we^ior y . It will also enable the wainfraMe data bus 
traiisceiver ; U44 (the direction of this transceiver will be set 
by the BR/W latch, 1139-15, from tlie Mainfrafis) , 

5) At clock edge E, the second flip flop of the tining chain will 
change state. This inhibits the SUR' line to the Mencry, which 
terminates the write. It also generates the DTACK (Data 

r I :: k 1' ■ c w 1 e d g e ) s i g n a 1 to the m a i n f r' a n e . 

6) the ri<!..ni r«!^e will end the cycle by releasing the BIDS' line. 
This will caK.ii.a the i^iainfraMe Shared Henory request line to 
drop disabling the data bjs transceiver. 

7) At the next positive 3,68 HHz clock edge, the shared t^r:i,'nory 
tiriing flip flops will return to the idle state. Ihe shared 
Memory access flip flop and address latch clocks will restart. 

8) The shared irer^iory is ready for the next cycle. 

Ais a second example, a Z--8C shared mewcry read would work as 
f 1 lows 1 

1) The Z-BO MPU initiates a shared Me.Mcry r^ad. This generates a 
s h a r ed r',en o r y request. 

2) By default, the Shared Msincry Access Select Flip Flop has 
selected the Z~89 to control the shared busses. 

3) At the next negative edge of the 3.63 MHz clock (assufie edge 
C), the address will be latched. 

4) At clock edge E, the first timing chain flip flop is cleared. 
This enabltvs the STiREQ' line, enables the data bus transceiver 
(U45) between the ZD and SD busses, and it releases the WAIT' 
line to the Z-BO hPU . 
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5) At clDck edgco I, the second tiwing chain flip flop changes 
state. This has no effect en a Z~SO read cycle. 

6) When the read cycle is complete, the 2-80 will drop HREQ' . 
This will disable the bus transceiver (U45) . 

7) At the next positive 3.68 MHz clock edge, the shared r.enory 
tining flip flops will return to theidle state. The shared 
r'.eriDry access flip flop and address latch clocks will restart. 

8) The shared ne.'^cry is ready for the next cycle. 

If a f^.emory cycle is already in progress when a processor tries to 
request shared wertcry, that processor will be held off via WAIT' (Z.~8C) 
or DTACK ' (the Mainfraf^e) until it can get access to shared ttenory. 

For ricre inforwation en the shared weincry timing, see the detailed 
ti fifing diagrams. 



5955-6582 93628/98629 Hardware dccuhentation Page 13 



TUE, JUu. 27, 1932, 4 .• 56 Pff 



ij. z 1 ..„ Ifi !l §. L id. .. t: § tj £ L i^ 



The Shared MeMcry Decoder (U31, 9-15) decodes shared address lines 
13 and 14 to enable the following blocks of shared i^jeMory j 
A13 A14 

Hard\4are Registers 
RAH hlock t <U25) 
RAM block 2 <U26) 
UnuE-ed 






c 





1 


1 





1 


1 



■^L.^.s.ll fc!atLdware_.Registe!is 

^^ight registers (tovr -r«aiJ and #oijr-write)v have been inplefiented 

-CD«pletely in hardware. These registers are selected when SA2 to SA14 
are '0' <U33; U3C ; 10-11, 1)36; 8-11). The Hardware Register Decoder 
(U21) decodes shared address lines and 1 and the shared read <SRD) 
line to enable the appropriate register. 

Cnl>^ bit 7 of write registers and 1 is ifiplemented . Ihis bit is 
latched by the Reset Flip Flop (UlS; 8-13) for register and is latched 
by the Interrupt Enable Flip Flop <U14: 1-6) for register 1. 




Register 2 is the wodert control and status register. Data written 
to register 2 is latched by the Mode.'n Control Latch <U6) . The Moden 
Status Buffer <U5) is enabled when reading register 2. 

Register 3 iwpleMents a hardware sewaphcre. When reading this 
register, the state of the Senaphore Flip Flop (U14: 8-13) i:> gated onto 
SD7' by a tri-state buffer <U35! 4-6). At the trailing edge of the re&d 
pulse, this flip flop is set by clocking in a '1'. This ii^plertents the 
indivisible read and set operation. A write to registe.*" 3 clears the 
Semaphore Flip Flop by pulsing the? CLEAR' input. 

3^.4^2j.„Shiared„.RA?i 

There are two sockets on the 93628/98629 interface for shared RAJI 
<U25 and U26) . These sockets ars wired to handle the byte-wide fariily 
static RAMs fra^ Hostek . Although tlie largest RAM currently available 
is cK bytes, provisions have been r^ad3 for the future 8I< byte RAMs. 
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.^.j^,g-.^.^j^^^^,^^ 24 or 28 pin RAH. Howe^'er, 

both s(?c!<ets Must use the same size of RAM. When using a 24-pin RAM, it 
should be even with the bottom of the socket - leading pins 1, 2, 27 and 
28 e^pty, 4?3 and «4 (the bcttcw 2 positions in the 8~pin ju/nper sccket) 
Hre u se d — t-D -s©liEx:T~~t"he IJ AH size." for 26- p i n RAHs, W3 sh o u i d be 
installed; for 24-pin sockets, W4 should be installed. 

.„_ Far the 9862B code, the card will have one 2K-byte RAH in U25 (the 
U26 socket will be e^pty). The 98629 code will have a RAM in each 
soc4{€^t tojive 4i<-b>;tes of RAM. Since 24-pin RAHs will be used,i^uinper 
fi4 fi^fst be installed (jumper position W3 Must be vacant). 



^#Mi}ry. The Mainf rame can 'download' code into shared RAM for the 2-8C 
to execute. 

The first two locations of the first block of RAM have special 
hardware for interrupts. The Interrupt Register Decoder (U22) decodes 
accesses to these registers and controls the Interrupt Request (U23! 
9-12) and Cor-irtand <U23.' 5-7) flip flops. The Interrupt Request Flip 
Flop is used tc request service of the Mainf rawe. The CoMMand Flip Flop 
is used to interrupt the Z-80 processor. The output of this flip flop 
is connected to the CTSB' input of the Z~8C SIO. If the Z-8C SIO is 
properly prograr'.r'.ed , transitions on this line will generate an interrupt 
to the MPU. 



Other RAM-n May be used if they Meet the following specifications! 
■]. ) The RAM is pin-c o Mpa t :i ble with the card socket wiring, 

2) Sipply current to the RAM does not cause the card to exceed the 
riajjif rar'.e power specs (see chapter 2 for card power specs) . 

3) The following tiMing specifications are Met; 



CZ' active to data valid -• 170 ns MaxiMUM 

CE;-' active to data valid •"• 220 ns naxiMuw 

A::u;'r£3s valid to data valid - 3C5 ns MaxiMUM 
R^. ad cycle tirie -- BOi^ ns n^^xihui^ 

^-iddreb-:- valid to leading edge of Ul' ~ 82 ns MaxiMUM 

Data -etjp t :i iraiiiriy edge of kC ~ 199 ns i^:axiMUi^ 

U1Z-' active pf-zlse i*:idth - 23^ ns Mi^xiMUM 

Data hold after trailing edcje af kE' - B'5 ns jnaxifiUii 

Address valid after trailing edge of WE' ~ 3C2 ns Maxii-^1LM 

Wr i t e eye 1 e t i r. o) ~- 8 D n s m a x i m u m 

NOTE; Data May not be valid at the leading edge of Wr' . 
F r n r e i n f o r- m a t i o n see t h e detailed t i wing d lag r a i^. s . 
The RAM has the following DC characteristics: 
Voltages ; 

I n p L t low - ,8 V c Its MaxiMUM 

i: n put h i Q h = 2 , D v ;:■ 1 l ti n i r. :i. t'i v m 

Output low= .4 volts MaxifiuM 

Output high -"2.4 volts mi ;* i m u i i 
Currents ; 



xJ 7 -J : 
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Input low ™ 2 f^A waxiMJrt (total for both RAii) 
Input high - 860 uA naxiMUM (total for both RAM) 
Oirtput low ~ 2 fiA nininurt (plus RAM loading) 
Output high = 8C uA MiniwuM (plus RAH loading) 

K07E5 These s^r^ worst case specifications ~ they s^r^ not 
derated for higher reliability. 
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The F^rcgrart ROH is the onlj; weMcry-Mapped device on the internal 
Z~80 bus, £his RCM_i5_^ whenes;er. -the 2-80 per for«S:^Ar:.:«eAory^i"ead 
^eff^STi-orr-wI th aWdr'ess bit 1 5 = ' ' . 

The ROM will be socketed to facilitate ROM updates and exchanges. 
This will make it easy to change communications protocols by changing 
the card ROM. 

The ROM socket (U29) is designed for 28~pin ROM's. For developttent 
24-pin parts can be used by scraping off the short traces on the circuit 
side of the board under U29 and adding jumpers. Pin 26 is norwally 
connected to ZA13 and pin 23 is normally connected to Z.A11. The jumpers 
(between U29 and SWl) will connect these pins to +5 Volts. 

The 98628 and 98629 code will be released in separate BK-byte 37000 
ROMs, Future software could use other ROMs if they waet the following 
specifications; 

1) The ROM is pin-cowpatible with the card socket wiring. 

2) Supply current to the^ RDM does not cause the card to exceed the 
Mainframe power specs (see chapter 2 for card power specs). 

3) The following ROM timing specs are met: 
Read cycle tir-ie = 500 ns minimuM 

Address setup to leading edge of CE' =711 ns riaxinuM 

Address hold after trailing edge of CE' ~- 86 ns maximum 

Address to valid data ~ 398 ns r-saxiMurt 

CE ' active to valid data ™ 236 ns Maximum 

CE' active to valid data == 398 ns fiaximuM 

CE' low pulse width ~ 323 ns maximum 

CE' high pulse width •= 187 ns maximum 

CE' inactive to tristate ~ 187 ns maximum 

NOTE; For t^t^re information refer to the detailed timing 

diagram or to the Z~8G data book. 

4) The following DC electrical charcter is tics are met: 
Voltage : 

Input low ~ .8 volts maximum 
!i; ."i p u t h i g h ~ 2.0 volts m i rj i m u « 
Output low = ,4 volts maximum 
Output high == 2.4 volts ftinimum 
Current; 

Input low = .67 mA maximum (limited by ZAC) 
Input high -- 160 uA maximum (limited by ZAO) 
Output low - .46 mA minimum 
Output high =80 uA minimum 

NOTE; These are worst-case specifications ~ they have not 
been derated for higher r<:'liabi li t y , 

3.6; Default Switches 
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The? system tiwing is provided by a 7.3728 MHz oscillator <U18) with 
a divide~by-twa stage <U19{ 1-6) for correcting the duty cycle. The 
resu It in g^,I.i>8&iri ! iHz signal i^s^sed ^6 - ^t4 i M& sys t eacl ocT< . This systeM 
clock is used to clock the shared ^eMory arbiter. After waveshaping by 
the clock driver (Ql, Q2 and associated circuitry), it is fed to the 
systert clock inputs of the Z--80 processor and peripheral chips. It is 
also divided by 2 again (U15: 1~6) and used as an external input to the 
Z-80 Clock Tiri&r Chip for faster b«^ud rates. 



3j,8i_Zr80_MPU 

The Z~8C Microprocessor unit, HPU, <U28) controls the 98628/93629 
interface. In a data CDK.ttunications application, it handles the 
Movefiont of data, error checking, status Mcnitcrring, and protoc(5l 

Managc.r'ien t . 

Since the CPU and peripheral chips ar^ from the same family, the 
interface between theire dev'i ces was greatly sif'iplif ied . Ihese chips 
have been connected to permit usage of the Z-8C vectorred interrupt 
scheme and SID/CPU WAIT/READY feature. 



3.9 5 Z-80 CTC 



The Z-8C Counter Timer Chip, CTC, <U12) has four independent 
tifners. Channels and 1 are typically used as ba\jd rate generators. 
The Zero Count/Timeout (ZC/TO) lines from these channels are passed 
through di vid(:v--by--two counters <U13) to corre-ct the clock duty cycle. 
Tha external clock inputs to these channels are connected to a 1.84 MHz 



frlock frstn the second j^lDcldi flip flop 
range of baud rates that can ie generated. 



(U 



1-6) to extend the 



CTC channels 2 and 3 are typically used for software tir«ing. These 
tiMers t^ay be based on the syste.-^ clock (internal timing) or may be 
based on the baud rate clock using the external clock inputs. 

lilCi,>.i§Md._B.§iji....iJi;.Ilip.l®>lt«'l 

The Baud Rate Multiplexer (Ult) is used to select the baud rate 
clock for the BIO. This clock r^tay either be internally generated by the 
CTC er it t^a^ be input from the remote device via the line receive.^s. 
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This Multiplexer is controlled b'^ bits 6 and 7 of the Modem Control 
Latch <U6) . 

The USART used on the 98628/98629 interface is the Z-80 Serial 
Ir^pyt/Outpi«t , SIO, <iJ27) chip . Thisthip> under the control of the"2~80 
HPU , #er4.aliz©3 tia ta to ise transwitted and deserializes received^ 
froM The coMMunications link, It also has sa^.e error detection 
capabilities. The Z-8C SIO has both asynchronous and synchronous 
capability to allow for^fjture protocols without redesign 

The Z-BG SIO has two independent full duplex channels. The 'A' 
SUhannel is connected to the rertote device via the line drivers and 
^eceiyers. The 'B' channel receiver is connected to the 'A' channel 
transmttfjr "to provide transnitted data trace capability, 

The SIO can work together with the MPU for high speed data 
transfers using wait/ready. If enabled b'^ the fir^iWare, the SID will 
put the CPU in a wait state unless a data is ready to be transferred. 
An interrupt can also abort the CPU frort the WAIT state <U16j 11-13> 
U30 ; 1--2) . 

3^.1 2 J Lioe„.Dr ij^er s_and_Recei ver s 

The line drivers on the 98628/93629 convert TTL voltage levels to 
the appropriate voltages levels to connect to a remote device. Drivers 
Ul, U2, U3 and U7 implement the unbalanced EIA RS-232C (CCITT V.28) and 
EIA RS-423 (CCIIT V.l ) electrical interface standards. (NOTE; These 
standards &tb described in Chapter 5; Interface to the Device.) The 
rise and fall tir.es of the drivers q^tis set by the resistors connected to 
pin 1 . The control signal drivers <U1, U2 and U7) have a IH OhM 
resistor to give appr oxinately IDO microsecond transition tines. The 
data &\'\f^ clock drivers <U3) use a 2CK Ohm resistor to provide 
approximately 2.2 microsecond transitions. Unloaded, the output 
ivoitage levels cf the drivers should be between +5 to +6 Volts ('ON") 
tr -5 to -6 Oolts t *OFF'> . 

Driver U3 implements the differential drive EIA |?S~422 (CCITT V.ll) 
standard. "ttse oytput levels of these drivers (Measured to signal 
ipround) should be between^and +5 volts. Capacitors (C28 and C29) may be 
added to the clock and data lines to slow down the signal edges for RFI 
purposes. They &tb not used by either the 93628 or 98629 
implementations. 

The line receivers (U9 and UlC) convert the RS-232, RS-422 or 
RS-423 input voltage levels to TTL levels. In RS-232 or RS-423 mode?, 
the ncninverting inputs of the receivers (i.e. pins 2, 6, IG BiX\<i 14) avB 
grounded by the cable and the inverting inputs (i.e. pins 1,7,? and 
15) B^na connected to the remote device. In RS-422 mode, both inputs 

5?55~6SB2 98628/98629 Hardware documentation Pags? 19 



TUE, JUL 27, 1982, 4 j 56 Pf^ 

are driven by the remote device, The absolute r'jaxiMUM voltage levels 
on the inputs are positive and negative 25 Volts. 

-^n the "96628, ttie receivers are biased with 6K Chn resistors 
<i^.»As tor packs Hl^^OiiJklS} so the :r«i:eiv^^-^ill 4i«t€cr t 
©pen-circuit ^ase as 'OFF' (failsafe 'OFF'*!, the negative inputs are 

leased ?^"^rr2 ^3^^^^^ <CR2) and resistor 

<R9) . The positive inputs ar& biased to ground. To weet the RS~232 
power-downr~detection require.ient , a 1,96K Oh« resistor (R12) is "~ 
connected _ 

in series with~ the DM line. 

The 98629 does not lead the receiver biasing coMpcnents <R15, R16, 
CR2, C7 and R9) . Instead, 100 Dhrt <R18-R20) terninatiDn resistors sre 
leaded across the CS, RP and ST lines to natch the receivers to the 
line. 

Except for the 98628 and 98629 receiver biasing differences, the 
differences between the RS-232, RS-423, and RS-422 i^ipletten tat ions are 
al3 inplenented by the cable - no changes ar^ required on the PC beard. 
See chapter 5, Interface to the Device, for more do^tails. 
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CHAPTER 4; Software Interface 



This chapter looks at the registers and weMcry used to interface to 
the Z-BO and fiainfra«e software. 

^R\e ^Qin^r^n^ T^serims^^^^ for eacli 3/0 c^rd, 

98628/98629 ii^.pleFiEnts this space as shared registers aiid RAH. €^n!l. y the 
f awer t>yt^ of nach ucrd is iniile n&ntwdr - access to the high orde.'^ byte 
will result in a bus error. 

The Z-8n MPU has direct addressing capability of 64K~bytes for 
fienory nappsd devices. Henory -napped devices ar& accessed using the LD 
family of instructions, itn addition, the Z-80 MPU has a 256~byte 
i^ddr-ess -space for I/<3:devices. These I/O devices .^re accessed using the 
g[/0 Instructicns such ias IN and OUT. 



lj§i?5.r..£^d^L* 



C h i p M u ri k a d d r • e s s 
+— 



not accessible 



xxOQDlH 
xx()0C3H 



xxFFFDH 
xxFFFFH 



Z.~80 address 



+ 



7^-80 Progrart RCH 
(up to 32 Kbytes) 



+ 



+ 



Shared Memory/register 
are^ (up to 32 Kby) 



4 



A 4. + 

I I Z~80 I/O area (SIO, I 
not accessible I CTC, default switches)! 



-•♦ 



CCCOH 1 


1 


OQOIH 1 


h 1 


J 


e 1 


. 


^. 1 


t 

1 


1 
r- 1 


i 


y 1 


7FFEH 


R 1 


7F-FFH i 


e i 




f 1 


SODDH 


} 


8CC1H 


I 1 


1 


n 1 


1 


i s i 
r f 


I 


i u 1 


. 


c ! 


FFFEH 


t 1 


FFFFH 


"--1 


GGH 


1 --- 1 


01 H 


II II 


, 


1/ nl 


• 


10 si 


FEH 


1 tl 


FFH 


1 1 
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As shown by the Kettory «ap, the Z-80 and Mainframe use different 
addreiL.5en> fcr shared MeMcry. fti^Z-SC addresses the shared nsMcry 
between 6000H and FFFFfl with each location ifpler.ented . The fiainfrane 
addresses shared mertory frow xxOOClH to xxFFFDH^**lth «nly the odd 

?-ad^if*^ss€s used. The nainf rar^.e addressing scher'je is illustrated 
b e 1 w ! 

MainfraMe I/O Card Addressing 

23 22 21 20119 18 17 16115 14 13 12111 10 09 08107 06 05 04103 02 01 00 1 
+ ._.+ f — +_.>.4. — ^. — ^ — ^ — + — + — +. — + — ^ — f --+ — f — f — +--+ — f- — +• — +--+ — f — + 

I Always I Select I Word Address I BA I 

I 'C 1 1' I Code I II 

Bits 21-23; Always 'Oil' fcr I/O cards. Other codes used for Me."ncry 
internal peripherals. 

Bits 16--20 1 Card select code fro« G to 31 . 
Bits 01-15: Word Address 

Bit CC 5 Byte address; 0-upper byte, l~lower byte. Since 

9 8628/ 98 6 29 only ir-ipler'icnts the lc)»A;er byte of each i^urd, 
^his bit fiust always be '!'. 

Each of these r,eMory blocks will now be described in r'Hive detail. 

4^.1j ^ZziC^PrograM^ROH 

The program ROM contains the code for the Z-8C Microprocessor , This 
ROM r^a-^ be changed to i^plewent new co^;fnLlnicati ons protocols. 
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Z~80 adciresi 



xxOOOlH 

XK3FFDM 
XX4001H 

XX7FFDH 
xxBOOlH 

xxBFFDH 
xxCOOlH 

xxFFFDH 



Hardware regiBters 
(8K) 



RAH socket 1=1 
(up to 8K) 



RAH socket *2 
(up to 8K) 



Unij«;ed (BK) 



8000H 

9FFFH 
AOOOH 

BFFFH 
COOOil 

jDFFFH 
EOOOH 

FFFFH 
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%af'irst#c«r«e^cry location hardware registers with the 

following bit definitions; 



Bj?l§lZI2-.8.§5isler 



H a in f r a rt e ad dress: 0001 1 -I 
Z~-80 address: 8GC0H 



I RESET I 
k'rite I Card I 



Don't Care 



4 4 4 _-_. 









Eiil 7: When written as a '1' the card is RESET and a nonmaskable 
interrupt (Nill) is generated to the Z~80. The Z--8D nust 
clear' this bit during its RESET routine. 

Bits 0-6 i Unir^plefnented 



7 6 






R&^:d 



5 4 

M. •4 -M w- .h M. ^ M. «.• •! M. .^ •». M. •» — ^ •» ^ .M. M. M. «« « 

i 8(nart { 

UnJii;e;dS Card I 

^C^ I '1' 1 '1' i 'C 



Card I. P. 



_.f-- 



•♦ ~ 4 



M' I '0' I Mr 

-4 + 



Bit 7: If bit 7~'l', then this is the remote ct;ntrGl interface. 

Bit 6: 7 his bit is r^'z^er.f'Bii for futiire use. 

Bit 5; This bit is always a '1' indicating that this interface 
has a microprocessor and uses one of the snart card 
drivers. 

Bit 0-4; These bits give the ID code tnique to this car6. 
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Inter r ui;? t /I>>iA Rgg i » tgr 



Hainfra^e address; ODOSH 
Z-BC address; 8C01H 



p 



I Int I J 

Write ! Enable! Don't Care I 

X A I 

B:; t 7; A '1' written to this bit enables the card tc interrupt, 
'0' disables interrupts. 

Bits 0-6: These bits are uni^pleMsn ted . 

7 6 5 4 3 S 1 

{ Int I Int I I 1 I I I 

Read I En'd I Request I In terr upt Level! 'C I '0' I 'C ! 'C 1 

! ! ! ! ! ! I ! 

Bit 7 \ This bit indicates the current status of the fiainfrar^e 

i n t e r r u i:> t e n a b 1 e f 1 i p flop ( ' 1 ' =■ i n t e r r u p t s enabled, ' C ' ~ 
i n t e r r u p «: s d i s a b led). 

Bit 6: If this bit is a '1', the card is requesting an interrupt, 

Bits 4-5 J These bits give the card interrupt level as set by the 
switches. 

Bits 0-3; These bits are defined for DiiA , Since this card dees 
not ifvplepient this feature, these bits will r^ad '0'. 
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§i=l!*.§P.!lill^-.!i§2iSltL 

Main f T a «€•? a d dress; D 5H 
Z-80 address: 8C02H 

Write I ils2K»rl^er:^rit1ris :^^ The actual 

data written is a don't care, 

7 6 5 4 3 2 1 

i i I 

Read lEJeMaph.l Undefined • I 

i i i 

Bit 7; This bit gives the status of the seMaphorej 'C'^not busy, 
'I'-busy. Ttie senaphore iB automatically set after it is 

Bits 0-6; These bits are not ifnpleMented and therefore way re^ad 
garbage. ^ 

]LJ£d.§i?^ Co.Qlr.5.1/.§I:^.tMS_Reciister A^ 

Ha i n f r a ^f e a d d r ess: i) 007 II 
Z-8C address: 8Ga3H 

7 6 5 4 3 2 1 C 

IRx baudlTx baud I i I i i t i 

UJrite lint/ex'tiint/ext I 0CD4 I CCD3 I 0CD2 I OCD'i I IR i RB i 

I I I II I ' I I I 

4.>. 4 — . 4 4 4 4 4 4. — ._ }. 

Bit 7: This bit sets the SIO r&ceii^&r clock internal (bit 7-M') 
or external (bit 7"'0'). 

Bit 6: This bit sets the SIO transmitter clock internal (bit 6~'l') 
or external (bit 6='0') 

Bits 2-5: These active high bits control the optional circuit 
drivers (OCDs) to the renote device. The exact 
definition of each signal depends on the cable or pod in 
u se as s u pima r i 2 e d b e 1 o w j 

OCDl: SR -• Signal Rate Select (RS--232 «. RS-449 cables) 

DCD2: SRS - Secondary Request to Send (RS-232 cables) 
CSX - Clear to Send Inhibit (Multipoint pod) 
AUTO - Auto Dial /Answer (HP Moder"*) 
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Bi t 1 : 



DCD3J LL - Local Lo opbac{< <RS-"449 cables) 
ii^'i - Hcnitcr licde (Hultipoint pod) 

CCI)4; RL - Remote Loopb^^ick <RS~449 cables) 

This active high bit controls the Terwinal Ready <TR) line 
to the remote device. 



Bit C; This active high bit controls the Request to Send (RS) line 
to the remote device. 



Read 



Bit 



Undefined 

•♦ 



SIO 



4 3 

-4 4 



2 1 



1 Ch A I CCR2 ) CCRl I CS ) 
I WAIT i i I i 

• 4 -_.| 4. 4 4 



RR 






C 

I 

DH 1 

I 



s 6-7i These bits are unimplemented and may be read in eithe; 
state. 



Bit 5! This bit indicates the state of the WAIT/READY line from 

channel A of the SIO. When high, this line is in the WAIT 
s t a f e . 

B i t s 3 - 4 : T h e s e a c t i v e high b i t s i n d i c a t e t h e s t a t u s of the 

optional character receivers <CCRs) froM the reMOte 
device. Their exact definition will depend on the 
cable or pad in use as specified below; 



OCRl 
OCR 2 



IC - IncoMing Call (RS-232 & RS~449 cables) 

SRR - Becondary Receiver Ready (Secondary Data 

Carrier Detect) (RS-232 cables) 
RSD - Request to £>end from Downstream (Multipoint 

Daisy Chain pod) 
SI - Signal Rate Indicator (HodeM pod) 



Bit 2: This active high signal indicates the status of the Clear 
to Send (CS) line fron the remote device. 

Bit 1 ! This active high signal indicates the status of the 

Receiver Ready (RR ~ Data Carrier Detect for RS-232) line 
froM the remote device. 

Bit Oj This active high bit indicates the status of the Data Mode 
( D li - D a t a Set R e a d y f r- R S' -232) 1 i r i e f r m t h e r e m -t e 
device, 
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There are 2 RAh scckets en the 93628/98629 interface. CJie 
m^i^fmm^^^-^^^i^^^hl^t^'^ytc 460 1 and Jc^K-by t & 4802 can fee used . As 
larger static RAM densities beccne possible, 4K--byte and 8K-byte 
c Dj^iP an en ts r')&y also be used, 

RAH locations 40G1H and 4GC3H (Mainfrans word addressses) have 
additional hardware to generate interrupts. Accesses to these registers 
will have the following effect; 

Register Hainfraf.e Access Z--80 Access 



■1 8 1 H Wr i t e N o e f f e c t G e n e r a t o? « a i n -i'r a me in t e r . 

4801. H Read Clear nainfrawe inter. Ho effect 

4803H Write Generate Z-80 inter. No effect 

48u3H Read No effect Clear Z-80 interrupt 

See the software section of this ERS for the definition of the 
other RAM locations. 
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4_.32 l./02H.§B:l2§c[_I)e vices 

The follc-wing devices are I/O Mapped on the internal Z-8G bus. 
Th€?v> ar& accesEGd with I/O statep-.tntB s>uch as IN and DUT . To avoid 
enabling two devices at one tine, the addresses should be used EXACTLY 
as shown. 



4.3.1 J Z-8G SIO 



•7QH 
71H 

72H 
73H 



Channel A Data 

Channel A Control/Status 

Channel B Data 

Channel B Control/Status 



The Z~80 SIO has two independent full-duplex channels. -Channel A 
is used to cop'iMunicate with the remote device. Channel B on the SID has 
two uses; 

1) Providing vectored interrupts for «ainfra«e requests. 

2) Providing trace information for transmitted data. 

For high-speed operation, the WAIT/READY feature? of the SIO can be 
used in conjunction with the Z-80 MPU block move instruction. An 
interrupt will pull the microprocessor out of a WAIT state. This makes 
it p:)5s:i.ble to set up a timer as a 'watchdog' to catch 'hang' 
c ri d i t i n s . 

See the Z-8G SIO Technical Manual for more details on the SIO. 



•80 CTC 



BOH 
BIN 
B^H 
B3H 



Channel 
Channel 1 
Channel 2 
Channel 3 



he Z~8C CTC has four independent timers. They maj; be used for the 

■ 1 i": Ci 1 1'ViL t -■;. r't 5 ; 



ih^r 



This timer may be used to generate tlje internal transmit 
baju rati^ for thcs SID. It may be used in tir^er mode for 
tlr-;:? lower baud rates or in counter mode for tlie higher 
b«jcj rates. There is an ovcjrlap ranQ*- in k-hich either 
c I, i) :i ■::: e i •:■:• j:) g s s i b 1 e . If an i ri t er n a J. t r* a n s m it baud c 1 c; c k 
IS not f.Eeutd, thcxn the tir.er can be jsed i^ or software 
t i ■•••i i n g . T h e t i h e c o n s t a rrt s (TO w r i 1 1 e n t c t h c 
be calculated as follows; 



TC 



4.. » I I 
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Baud Rate Generator; 
Counter Hcdes 

Async (xl6 clock); TC = 57,6CC/Baud Rate 

(Range; ££5 to 57,6I< baud) 
Sync <xl clock); TC == 921,6CC/Baud Rate 
(Range 3 . 6K to 922K baud) 
TiMer Mode (Prescalar = 16) 

Async (xl6 clock): TC = 721V0/Baud Rate 

(Range; 28,1 to 72CC baud) 
Sync <xl clock); TC = nS^^OO/Baud Rate 
(Range; 449 to 115K baud) 

Software Timer; Sar.e as tirjer 2 (internal clock only) 

Tiwer 1: This tiwer is used to generate the receive baud rate. 
It behaves in the sa^ie manner as ti^er 0. 

TiMer 2; This titter is used to do software timing. In timer mode, 
this titter provides real-time interrupts. In counter 
mode, it will provide interrupts based on the transmit 
baud clock from thrT? baud rate multiplexer, The tifie 
constant (TC) can be calculated from the following 
equations; 

Internal Clock: 

Pre:i>calar™16: Time Period == TC x 4,34 micrcsec. 
Pre2calar~256 : Time Period = TC x 69.4 microsec. 

External Clock ; 

Async (xl6 clock); Time Period =• TC/16 bit times 
Sync (xl clock): Time Period ~- TC bit tiries 

The output of timer 2 is used as a clock for the 
transmitter of channel B of the SIO. The channel B 
transmitter can be used in conjunction with this timer 
for K'Epy long tir'ieouts. 

Timer 3: This timer behaves in the same manner as timer 3 except 
that in counter mode it is slaved to the receix^e clock 
from the baud rate multiplexer. 

For more information, see the Z~SD CTC Technical Manual, 

i^ J. 2-:. 3 1 _ ]^§f .«* .U 1 1 -. S w i t c h es 

DGH: Switch Block A (upper nibble) 
DIH: Switch Block B (loiter nibble) 
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The default switches are used to select sor^e of the default 
opwrating paraMaters (i.e. baud rate, bits/character, etc). The exact 
definition of these switches is dependent on the carh software. 
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.Qi}i3B.t§.L._I.L _I&.'ffi:Lf§c:e to the Device 



98628 is designed to support the following electrical interface 
standards ; 

ElA RS-232C (similar to CCITT V.24/U.28) 

EIA RS-422 (Birtilar to V.ll) 

EIA RS-423 (similar to M.IO) 
Each_ of these standards yill i)e briefly described here , For wore - 
inforttation, refer to the appropriate standard. 

5.1 1 Electrical Standards 



RS-232C was adopted by the Electronics Industry Association (EIA) 
in 1969. It provides for asynchr ono i»s aY)d synchronous data cofiMunica •• 
ticns at rates up to 20 kilobits per second. f%- *cab le l«jrgTh ^f 50 feet 
(15 metres) or shorter is recommended) howev^er, longer cables are? 
permissible if the load capacitance does not exceed 2500 picofarads, A 
25 pin I) subminiature connector has become the defacto RS-2S2 standard. 

The CCITT international standards organization split RS~232C into 
tw3 standards y.24 and V.2B. These standards specify an interface that 
is very similar (but not identical) to RS-232. "^-,-24 specif ies the 
ifynctional characteristics and M.2B specifies the electrical character- 
istics. 

S... l.i.gi>JSi:449/422/423 

RS>~449, RS~422 and RS-423 were developed to provide longer 
signalling distances and higher data rates than RS-232C, ^B-A49 defines 
the functional characteristics of the interface. RS-422 and RS-423 
idescribe the electrical characteristics of the interchange circuits. 

RS-449 specifies 27 interchange circuits - essentially a superset 
of the RB-232 lines. Two connectors are specified: a 37-pin connector 
for the primary channel and an optional 9-pin connector for the second- 
ary channel. These connectors belong to the same family as the RS-232 
connector . 
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RS-4P2 specifies a balanced, twisted-pair interchange circuit for 
li i g h - s p e e cj operation, f^ t»a x ifi«« -ca b 1 e :1 en g tb^an d naxiw u « ^^a t a _jja t e 
^HP€?f4?Pt^BF#fet3^^^'^^^'^' * "^ h e c a b 1 e be 1 o w i 1 3. u s t r a t e s t Tie r e c: o r^V* e n cTe d 
combinations . 

Cable Length 
<feet) 



1 a.K 



^K 



\ 



•J.K 
40 

•J, 00 

40 



\ 



\ 



\ Not RecoMMended 

\ 
\ 
\ 
\ 
R e c Mr; e n d ed C o m b i n a t i o n s \ 

\ 
\ 
\ 
\ 



10 



IQK 



-•♦ — 
ICCK 



IM 



-+-> Data Rate 
lOli (bits/second) 



RS-422 Modulation Rate Versus Cable Length 
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RS-423 dv^fine?^ an unbalanced interchange circuit that Ctun be 
compatible with RS-232C. The RS--423 data rates and cable length are 
alBD interdependent as shown by the dashed lines in the chart below. 

With the RS~423 waveshaping used on 98628, the cowbinations cf baud 
rate and cable length ar^G further restricted to the area bounded by the 
asterisks ('«'). Provisic-ns were nads for this type of an iMplcMe.-) ta~ 
tion by the RS~423 standard. 

-Cable Length 
( fee t ) 



Dl< 



4I< 






\ 



\ 



>(:XXX*^X*^X-X>f)}\ 



\ Not R e c Mfne n ded 

\ 






k) /"i !j J. i'i a t i '" n s 



'] n .i 






100 



•-•f - 
IDK 



-f - 

/I »:: ]/ 



-f-> Dat<? Rc.te 

1 ij i( ( b ;.. t =; / z '■ c o t\ u ) 



RS)-449 and RS-423 ware specified with RS-232C ccMpatibili t y in 
Mind. Uh-.r, c ::.r.n£c ting an RB-232C device to a RS~449/423 device, the 
worst case speci ficat iuns of both standards «ust be wet. This limits 
the signalling rate to 20 k i 1 ob a jd arid the cable leng(h to 5 -.J feet. The 
chart below conpares the RS~232C, CCITT V . 24 and RS~4 49 signals. 
Throughout this ERS, the RS--449 na^es will be used to identify signals. 



^yoD 
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RS~449 



SQ 



RC 



Signal Ground 
Send Co^jfiiin 
Receive Co mm on 



AB 



RS-232C 
Signal Ground 



CCITT V.24 



+• 



1C2 

102a 

102b 



Signal Ground 
DTE CoriMon 
DCE CofiMon 



IS 
TC 
TR 
DM 



Term, in Service^^ 
Incoming Call 
Teminal Ready 
Data Hode 



CE 
CD 
CC 



Ring Indicator 
Data Tertt. Ready 
Data Set Ready 



125 

1G8/2 

107 



Ca 1 1 i n g I nd i c a t o r 
Data TerM. Ready 
Data Set Ready 



SD 
RD 



Send Data 
Receive Data 



BA 
BB 



Transfiitted Data 
Received Data 



103 
1C4 



TransMit ted Data 
Received Data 



TT 
ST 
RT 

RS 
CS 
RR 



NB 

EF 
GR 



Terrninal TiMing 
Send Timing 
Receive Timing 



DA 
DB 
DD 



— + 



Request to Send 
Clear to Send 
Receiver Ready 

S i g ri a 1 Quality 

New Signal 

8 e 1 e c t F r c q ii e n c y 

Signalling Rate 

S e i e c t c) r' 
S :i g n a 1 1 i n g Rate 

A H 1.1 J. l_ C '. J I 






EJend 



SSDl Secondary 
I Data 

Secondary Receive 
Data 

Secondary Request 

to S>:nd 
Secondary Clear 

to Send 
Secondary 

Receiver Ready 



SRDI 
I 

SRBI 



SCSI 

I 

SRRI 



CA 
CB 
CF 

CG 



CH 
w J. 

SEA 
SBB 

SCA 
SCB 
SCF 



Tx Tiding (DTE) 
Tx Timing (DCE) 
Receiver Timing 

Request to Send 
Clear to Bend 
Data Carrier Det . 

Signal Quality 
Detector 



Data Signal Rate 
Selector (DTE) 

Data Signal Rate 
Selector (DCE) 



f — 



f. 

LL I 
RL I 
TH I 



+ 



Secondary Trans 'd 

Da t a 
S e c ri d a r y R € c ' d 

Data 

Secondary Request 

to Send 
Secondary Clear 

to Send 

Secondary Data 

C^rrlGv Detect 
4. 



113 I Tx Timing (DTE) 

114 I Tx Timing (DCE) 

115 I Rec. Timing (DCE) 

1C5 I Request to Send 
1 OB I Ready for Sending 
109 I Received Line 

Signal Detect 
lie I Data Signal 

Quality Detect 

Select Tx Freq . 
Data Signalling 

Rate Sel. (DCE) 
Data Signalling 

Rate Sel. (DCE) 

Transmitted Back. 

Channel Data 
Received Back . 

Channel Data 

Trans . Back . Chan 
Line S^ignal 

Backward Channel 
Ready 

Back . Chan . Rec . 
Line Sig . Det . 



126 
111 

112 

118 
119 

120 
121 
122 



♦•-- 



Local Loopback 
Remote Loopback 
Test \^'.i6e 



141 
140 
142 



Local Loopback 
Remote Loopback 
Test Indicator 



SS I Select Standby 
SB I SKan^b^ Indicator 

^ 4 



116 I 

117 I 

■» 



Select Standby 
Stan d b y Indicator 
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The interface to the remote device on 98628 is consistent with the (T 
Electrical Interface Standards for D.T.D (Data Terminals Division ) --^"^ 
products. This compatibility makes it possible for 9B62B to leverage 
the pods built by DTD. 

The physical connection to the outside world is a 5C~pin connector 
on the i^^af^^anel of the interface card . This connector is uf The ^a me 
family as the standard HPIB connector. 

The DTD standard specifies four levels of implementation. 98628 
will implement standard C, the most complete level of implementation. 
7he pin numbers of the 50 pin connector are defined as follows j 



<-) 



/~N 











< — 




To 


DCE 






— •> 












--> 




From 


DCE 






<-- 








0CD3 




<-- 


26 


V. I 


.m> -mt .mm .1. 


X 


1 


__— s 


0CD4 




vt -t- — ~ 








SD<A) 




<-- 


27 


*: 1 




X 


2 


— ) 


SD<B) 






RS(A) 




< — 


28 


•X 1 




X 


3 


— ) 


RS(B) 






TR<A) 




< — 


29 


X- 1 




X 


4 


->_) 


TR < B ) 






DuMmy 


ON 


<-- 


30 








5 


— ) 


Dummy OFF 






OCR 3 




~-> 


31 








6 


--> 


OCR 4 






TT(C) 






32 


•X 1 




X 


7 


— ) 


TT<u) 






TT<A) 




<-~ 


33 
34 


•X 1 




X 
X 


8 
9 


<-- 


TT(D) 
OCRl 






+5 'v' Supj: 


»ly 


35 


•X 1 




X 


10 




•♦12 y Bupply 






+5 V S 


upf 


>ly 


36 


•X 1 




X 


11 




-12 V Supply 






SD(C) 






37 


•X 1 




K 


12 


— > 


SD(u) 






RS(C) 






38 


X i 




X 


13 


--> 


RS<u) 






TR<C) 






39 


X- j 




X 


14 


-~> 


TR(u) 






OCDl 




< — 


40 


X 1 




X 


15 


--> 


0CD2 






ST<A) 




— > 


41 


X 1 




X 


16 


<~- 


ST<B/C) 






RD(A) 




— > 


42 


X 1 




X 


17 


< — 


RD(B/C) 






RT(A) 




--> 


43 


•X 1 




X 


18 


< — 


RT(B/C) 






CS(A) 




— > 


44 


X i 




X 


19 


< — 


CS(E/C) 


IRS- 


•232C3 


DM (A) 




--> 


45 


X 1 




X 


20 


<~— 


DM<.B/C) 






RR(A) 




— ) 


46 


-X i 




X 


21 


^ — 


RR(B/C) 






CCR2 




- ~ > 


47 


X 1 




X 


22 




RC 






SG 






43 
49 


X i 




X 
X 


23 
24 




SC 

Sh i e 1 d 












50 


+ — 


+ 


•X 


25 


<-- 


DMCA) [RS~422/423] 



X Implemented by 98628. 

(A), (B) represent the pairs of conductors used on differential 
drivers or receivers as specified b^ RS-422. <C) re^presents the ground 
side cf an unbalaced driver or differential receiver as specified in 
RS~422 and (u) represents the prit^ary output circuit of art unbalanced 
R8-423 driver. RS-423 drivers will have linear 2,2 microsecond 
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waveshaping to guarantee interoperability with RS~23£C circuits, 

To Meat the European requireMents for V.IC, V.ll and V.24, two 
r,H(A) lines are needed. Pin 4S will be used for RS~232, pin 2'o for 
RS-422 and RS-423. 
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§^il Cables 

'iISiil>.BSz232C_Cable5 

The 9S628A will share two RS~232C option cables with the 98626A 
interface ^ard •• 

Option CClj DTE Cable (siwilar to 98G46 Option 1 Cable) 
Option 002; DCE Cable Xsittilar to 980-^6 Standard Cable) 
These ca bles will be ship-ped -wlth— the test "G^Tinec^-or-s-ctirrentlyHaeitv^ - 
built for the 980-^6 cables (DlEi HP P/H 1251-6625. DCE; HP ?/H 
-1351-4424). ^ -^ -"'- - - -" 



Data Terminals Division wakes a family of RS~232C cables that are 
cof'fpatible with the 98628- however, we do not plan to support then. The 
Option OGl DTE cable is the same as the DTE 13222li European Hcden Cable 
with the exception of improved shield grounding. 

A functional illustration of these cables is shown on the pages 
that follow. Ihe 98628 cof.ponents are shown to the left and the cable 
to the right. The cable colors and pin numbers at each connection are 
g i yen . ^fij-31 1^ jRS:-2B2C ca^ nega ti¥« Inpu t s «f the riecei ver s a r e 
%ied together with Receive and SeHl2CoMrtohT These pin nunbers are; 16 
€S7iB/€)l, 17 CRD<B/C)3, 18 fRT<B/C)3, 19 1CS<B/C)3, 20 tDM(B/C)3, 21 
tRRCB/Ol, 22 XRCT and 23 tSC3. 
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1 





Mode-M Control 

I 0CD4 I - 
4 + 

I 0CD3 I- 

T "0CD2 I- 

I OCDl 1- 
^ + 

r TR 1- 

4 + 

I RS I- 



Z-3GA-SI0 
T.X Data 
Rx Data 
Tx Clock 
Rx Clock 



Opt 2 DCE Cable 



> n- 

>26>-- 

>15>~Violet 

>4C>- 



•x <12) Sec. Carrier Dst . 



-♦• 



>14>~v~Yellow x 

'"-Wht/Red x 

>13>-v~Blue X- 

''-> to pin 44 



> 1 2 > -Br wn x 

<42< -Black x 

+ > 7>-+-Gray x 

I 

I Int Tx Baud 



(6) Data Set Ready 
(22) Ring Indicator 

(8) Data Carrier Det . 



(3) Receive Data 
(2) Transmit Data 
(15) Tx. TiMing (DCE) 





Hoden Status 




+ + 


4 


1 OCR 2 I 


3 


1 OCRl 1 




4. + 


'^ 


1 CS 1 




^ .-._.4. 


I 


I RR 1 

4 + 

! DM 1 







4 , + 



I I + + 

I +~ITx Huxl<41 

I + + 

♦ IRx Mux I <43<~+-yhite x 

I 

Int Rx Baud 

<47<-Wht/Blk X 

^ 9<-to pin 45 

<44<-to pin 13 



(17) Rx. Tiffing (DCE) 



(1?) Sec. Req . to Send 



<46<-v-Red x 

''•"Grange x 

<45<-v-Wht/Brn x 

''-to pin 9 

Signal + 48- -Green x 

Ground M 

Safety + 24 — Sh ield x 

-Wht/Org X 

-Wht/Yel X 



(4) Request to Send 

(5) Clear to Send 
(2C) Data Terw. Ready 

<7) Signal Ground 



(1) ProtectiMe Ground 

(23) Data Rate Select 

(24) Tx. Tiding (DTE) 
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RS-449 Cables 



One RS-449 DTE cable will be built for 98628 - for RS--423. 
No RS~449 DCt (fewale) cables Ar^r! planned at this ti«e. 
A user needing this capability can use a wodeM eliminator cable. 
The RS-422 cable needs three 100 ohM terminating resistors 
installed between the two lines of RD^ ST, and RT and so will 
not b e^ b u i It a t t h i s t i Me. 

Beth RS-449 cables ^t^ intended for direct or~Mode."i connections in 
the US or Europe. Since the secondary channel requires a second 9-pin 
connector, the /Secondary Request to Send' and 'Secondary Receiver 
"^^AiHii* lines i^x<5 not implemented for econoH)' reasons. 

The drawings on the next two pages illustrate the RS--449 cables. 
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RS-423 C^ble 



RS~449 Connector 



Ho den Control 
4. + 

'5 I 0CD4 I--- 

4 I 0CD3 I 

+ 4. 

3 i 0CD2 1 — 

+ + 

2 I OCDl I — 

4. 4. 

•Jl I TR l~- 

I i 

+ + 

I RS I — 

4. f 

2"-80A~SIO 
I Tx Data I — 



> 1> — • — brn- 



>26> red- 



•X (14) Rettcte Loopback 
•X- (10) Local Loopback 



•— --— ^-=^>15>- 



o^g■ 



•~~^ >40>-- yel * 

Gnd — 23 grn x 

> 1 4 >'-wh/brn « 

Gnd — 39 — wh/blk/brn x 

> 1 4 > -wh i t e X 

>13>-wh/red — -x 

GT\d — 38 — wh/b Ik /red x 



<32) New Signal 

<34) Select Standby 

<16) Signal Rate Sel 

<37) 

<t2) 

(30) 

(28) 

(7) 



Send Co fin on 
Terminal Ready 

In Service 
Recjuc-st to Send 



(25) 



>12>--wh/org 

Gnd— •37-wh/blk/org- 



I Rx Data I 

I I 

I Tx Clock I 

i i 

! Rx Clock I— t- 



-X 

~ X 
( + ) <42<-wh/yel x 

-X 

~x 



(-) 



-<17<-wh/blk/yel- 

> 7>-wh/grn 

Gnd- -32 — wh/blk/grn- 
Int Tx Baud 



(4) Send Data 

(22) 

(6) Receive Data 

(24) 

(17) Terminal Timing 

( 3lv; ) 



+ + 

•ITx Huxl-( + )~<41<~wh/blue-- -x (5) 

•i + (-) (16<~wh/blk/blu (23) 

■!Rx Muxl~( + )~<43<--wh/viGl — x (8) 

4 4. (>.) <i8<~wh/blk/vio (26) 



Send Timing 
Receive Timing 



Ho den Status 

I 0CR2 I 

4 4. 

i OCRl I 

4 4 

\ CS 1 

4 . 4. 

f RR I 

I DM I ---• 
4 4. 

Signal Ground- 
Safety Ground- 



Int Rx Baud 



( + ) 
(-) 
( + ) 
(-) 
(f) 
(~) 
( + ) 
(-) 
( + ) 
(-) 



(47 



•---•( 9 

(22 

<44 

<19 

(46 

(21 

(25 

(20 

48 



( gf^ey 

( 

( blue 

(- viol 

(-wh/grey 

(-wh/blk/grey 
(-wh/red/org- 
(-wh/brn/org-- 
(~w!i/red/yel-- 
(-wh/brn/yei~ • 
--black 



•X (18) Test Mode 



— X (15) Incoming Call 

- - X (20) R e-: c: e 3. v e C m m n 

— X (9) Clear to Send 

--X (27) 

— X (13) Receiver Ready 

— X (31) " 

— X (11) Data Mode 

— X (29) 

— X (19) Signal Ground 



.^- r^A C; 



hield- 



•X (1) Shield 
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A 
3 



1 I 



Ho dew Control 
+ + 

I 0CD4 I - 
-» + 

I 0CD3 l- 

^ 4- 

I ~ 'OCDS I - 
I OCDl I- 
TR I- 



I RS I 

4. 4. 

Z-BOA-SIO 
! Tx Jjai:a I 



RS-42H Cable 

) l> j3pr) x 

>26> re6 x 

>15>-- 



org + — X 

4 — X 
>4Q> ^e2 .x- 

Gnd --23 grn x 

< + ) >29>~wh/brn x 

(.) > 4— wh/blk/brn x 

>14> white X 

( + ) >28>-wh/red x 

(-) > 3--wh/blk/red x 



I Rx Data 1 



< + ) >27>-wh/org x 

(-) > 2— wh/blk/org x 

(4.) <42<-wh/yel x 

I I (~) <17<-wh/blk/yel x 

I Tx Clock i ♦••— < + ) >33>~wh/grn x 

I !}(>.) ) B—wh/blk/qrn x 

I Rx Clock l-f j Int Tx Baud 

4 .4. } } j 

I I 4. 4. 

I +~jTx Mux !■-< + ) <41<-wh/j:)lue— X 

I •* + (-) <16<~wh/blk/blu 

4. ipy. Huxl-<-f) <43<-wh/vio x 

4 4. (-.) <iB<-wh/blk/yio 



RS-44S* Connector 



(14) R^Mote Lcopback 

<1G) Local Loopback 

(32) New Signal 

(34) Select Standby 

(16) Signal Rate Sel 

(37) Send Co mm an 

(12) Terttinal Ready 

(30) 

(18) In Service 

( 7 ) Re: cj u e s t t S e n d 

(25) 



(4) Send Data 

( 22 ) 

(6) Receive Data 

(24) 

(17) TerMinal Tiding 

(35) 



(5) Send Ti/ning 

(23) 

(8) Receive Tiding 

( 26 ) 





Ho den Stai 


I- us Int Rx Baud 




+• 


— 4. 


•4 


1 OCR 2 


1 ( + ) <47< g 




4 


■-+ (~) <22<- 


3 


1 OCRl 


j (4.) < 9< b 




4 


•-+ (~) <22< V 





1 cs 


1 (4.) <44<-wh/g 






- -. 4 {. — } ~ - \ 17 \ WT)/U 


1 


1 RR 


j (.^) <46<~wh/r 




4 . 


--+ (-) <21<-wh/b 





1 DM 


j (4.) <25("wh/r 




4 , 


-"+ (-) (2a(-wh/b 




Si( 


:jnal Ground + 48- -b lac 



rey- 

lue- 
i ol- 
r e y ~ 
Ik/g 
ed/o 
r n / 
ed/y 
r n / y 



X (18) Test Mode 



r €? y • 
rg- 
rg-- 
el- 
el 



•X (15) IncoMing Call 

X (20) R e c e i V e C:: f) « n 

•X (9) Clear to Send 

X (27) 

•X (13) Receiver Ready 

X (31) 

•X (11) Data Mode 

X (29) 

•X (19) Signal Ground 



Safety Ground + 






shield- 



X (1) Shield 
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5^,3i JP.ods 

5i.3.j_lj HP_fiit§_Link_Ada{3Ter 

HP the Data Link <DL) Adapter, 13264A, converts the RS--232C signals 
from S*8628 to the differential signal needed by the DL link. This pod 
is Manufactured by the Grenoble (France) Division, 

The lines frori the 50-^pin connector inple rented by BILBO arei 
pin 10! +12M Supply (160 mA typical) 
-12V Supply (23 «A typical) 
Send Data 
Request to Send 

Send CcMMcn (used as logic ground) 
and 36: +5V Supply (30 mA typical) 
Receive Data 
Clear to Send 

Signal Ground (used as 'Not Power On' signal) 
The 'E«' inputs to the receiyers are also tied to logic ground. 

TransMission on the link is inhibited until the 'Not Power On' 
signal goes low (when the pod is connected to 98628). After power up, 
the link drivers are in their high impedance state unless the 'Request 
to Send' (RB) line is active. Whenever RS is raised, BILBO immediately 
re-spends with 'Clear to Send' (CS) . Data fron the 'Transmit Data' line 
is then sent to the link by the drivers. 

The BILBO link receivers sense the link, convert the si.gnals to 
RB-23'?C and send the data to 9S62B as 'Receive Data'. Data is received 
by the pod at all tines - even when it is transmitting. 

The Current Loop Converter, 13266A, provides a 20 rA interface for 
the 9862B. With default switches and wiring options, the current loop 
interface can be configured with active or passive driver and receiver 
elements. 

Current loop is used in applications that require data 
co^■f»'.unications over longer distances than are possible with standard 
RS--232C. It is also coMMcnly used in electrically 'noisy' environments. 



3 r e ! 



Cil 



The lines from 98628 that are ir.plef.en ted by the Current Loop Pod 

+12M Supply (90 «A max.) 
-12V Supply (80 fiA r^ax.) 
Send Data 
Request to Send 
RD(B) (used as logic ground) 
Send Cor'.non (used as Ingic ground) 
& 36! +5V Supply (20 C mA max.) 
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10! 


p 1 n 


11 I 


pin 


12! 


p i n 


13; 


p i v\ 


17! 


pin 


23! 


pins 35 
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pin 42: Received Data 
pin 44; Clear to Send 
pin 46: Receiver Ready 

pin 43: Signal Ground (used asi logic ground) 
The 'B' inputs to the receivers are also tied to logic ground, 

^x*one of the ttcdem control lines is used by the current loop pod. 

Therefore, their state is a cor^plete don't z.hTB to the pod. However, as 

a convenieTrce to the Mainframe, the 'Request to Send' (RS), 'Clear to 

Send' <CS) and 'Receiver Ready' <RR) lines frofi 98628 are connected 
together , 

SjL3.;.3i.3i;.G_Bai;d„Hcdea 

The 300 baud wcdem, 1t3265A, is a Bell 1C3/113 ccnpatible 
asynchronous nod em for connecting directly to the US Public Switched 
Telephone Network. This no den is originate only with both auto dial and 
Manual originate capabilitiy. 

The lines ittplewented by the liodew Pod includes 

+ 12y Supply <45 «A) 
-•12'v' Supply (45 mA) 
Send Data 
Terminal Ready 
C (." D2 (Auto d i a 1 /a \\ s w er ) 
« 36: +5*v' Supply (ICO mA) 
Received Data 
Clear to Send 
Data Mode 
Receiver Ready 
Signal and power ground 

Refer to the '13265A 300 Baud hcdew Pod External Reference 
Specification' for r-ior^ information on controlling the Moden. 

5 J. 3_. 4 1 Da i s E _ Gtl i i.Q -Pod 

Due to the power required by the Daisy Chain Pod, it will not be be 
supported by 98628. 



p i n 


10: 


p i Pi 


11 : 


p i n 


1^: 


p i \) 


14: 


pin 


1 5 : 


p i If i 


::> 3 O 


pin 


42: 


p i V) 


44: 


pin 


45: 


p i n 


46: 


pin 


48: 
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This chapter describes the tools for testing and debugging the 
9862B serial I/O interface card. These tools will be used for; 

- hardware development testing 

- production testing and debug 

- custotter hardware assurance tests 

- service tevst and debug 

98628 has four nain test tools; 
i ) 3360 Board Test 

2) Pcwer-up Self-Test 

3) Coripr ehensi ve Test PrograM 

4) Signature Analysis Tests 

§.ji.U.-..„3a6 0_Board_Test 

The 306Q board test will be used by Production to test the loaded PC 
boards. "(his test will be specified and written by the Chipnunk testir.g 
group, 



.^ f Gy^Lrya-ieif zltil 




The power~up self-test performs the following tests; 

- RCM check SUM 

- Shared RAM alternating bit pattern test 

- Cliick Timer Chip tir^jGout tests 

- Serial 1/0 register access tests 

- Z-8D interrupt test 

- Seiiaphore tests 

On coMpletion of these tests, 98628 will interrupt the Mainframe with 
the ' log in ' . 
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6_.3.^ Q2£j2[iI:§!2§!l-Eii*i:_I§§l_£il£2£lli^' 



The cohprehensive test prcgran is available in twc different forMS 
one for the cjst Dr.er/service personnel and the other for production 
testing. The cust oner/ser vice test is contained on floppy disc number 
09B26-10029. The production test version is on floppy number ET-1^657, 

The 98628 ROM code require.'nents for any HPL test program are as 
follows; 

A. Card ID at location A017 (Hex) (card address); 

ID = FF (Hex) hangs in loop after RESET; 
ID --•• FE (Hex) releases RESET FF, hangs until ID = C, 
then jufips to location A'j08 (Hex). 

B. Card self -test failure information must be stored in location 
AD16 (Hex) (card address). 

C. ComMand Register must be read (to clear Command FF) before 
checking card ID. 

The ccmmcn section of the test checks the parts of the card 
tha t d n o t d e p e n d o n t h e c a !::• 1 e t y p e . T h e u r j i q u e sec t :i. on will v a ." y 
somewhat depending on the type of pod, cable or test connector. 



6.3. 1 ; Test C ::• n n ec tors 



The test connectors are wired as follows; 



£■ i Q n a 1 s 


5D61-424B 


5061- 


-4247 






5061 


-4220 




(ESK unbalanced) 


(ESK ba: 


Lance 


'd) 




(RS- 


449) 


SD-->RD 


12-~>42 


27-~>42 


2 — 


>17 


4- 


-> 6 


22- ->24 


TT — >RT 


7-->43 


33-~)43 


8— 


>18 


17- 


--> 8 


35~~>26 


RS-->ST 


13~->41 


28~->41 


3-- 


>16 


7" 


•-> 5 


25-~>23 


TR — )CS 


14~~>44 


29-->44 


4--. 


)19 


12- 


--> 9 


3C~->27 


DCD1~- >CCR1 


40---> 9 


40~-> 9 






16- 


->15 




0CD2-->0CR2 


15— >47 


15-~>47 






Ho 


conn (3 


c t i n 


0CD3-->DH 


26-~>45 


26-->25 






10- 


-)11 




0CD4-->RR 


1 — )46 


l-~>46 






14- 


■->13 




GND 


16 ~ 23 


20 - 23 






20; 


.29,31 


>37 


IS- -> OCRS 












••-)18 





1251-6624 (RS-232C DCE) 



SD- ->RP 
..•~->RT 
RS— >RR 
TR-"->DM 
CCI)2-->0CR2 



2— > 3 
24-->17 

e— > 4 

6— >20 
12--) 19 



(24 does not connect to anything) 
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1251-6625 (RS-232C DTE) 



SD — >Rr/ 




2— > 3 




TT— >RT 




24~->17 




RS-~->RR,CS 


,0CR1 


4— > 8, 


5,22 


TR — >DH 




20— > 6 




0CD1~~>ST 




23— >15 




CCD2— >DCR2 




19- ->12 




. .— >. . 




14— >25 


<14 



<14 and 25 do not connect to anything) 



"7 O 



Cofif'ion Test Module 



A. Interface HardwartB 

1. Check card I.D. register (should read XlOl 0100) 

2. Check interrupt/DHA Register (should read (OOXX 0000) 

3. Check setting and clearing sefiaphore 

B. RAM Memory Test 

1. Checkerboard Memory test executed from the wainfrafie. 

2, Rotate walking '0' and walking '1' through a r-'.ettory 
location. 

C. 2-SO CPU Tests 

1. Verify Z-8G cleared RESET FF (U15: 8-13) at the end 

D f i t s r ese t r o u tine. 
2. Download Z-8fi diagnostic code to card RAM. Code is as 

follows! 



80 
80 01 

8002 
80 03 



AOOC 



RESLT^II); 
1NT_»MA; 
IRFFj 

SEMAPHORE 5 
HODEH^LINES 

RAM^SIZE; 
RAH END: 
STACK TOP: 
INT C0N;0: 



NAME "RAM allocation" 

ORG BOO OH 

DEFS 1 

DEFS 1 

EQU 010 000 OB 

DEFS 1 

DEFS 1 

ORG OACOCH 

EQU 2«1024 

EQU $+RAM SIZE-1 

EQU RAM.END 

DEFS 1 



;CDMMAND: M/F Address =•-= M«2 

;DATA: M/F Address = Mf4 

; ADDRESS 5 M/F Address: 

; Upper Byte (Also I/O) -- H+6 

; Lower By te ~ M-*8 

;TEST COMMAND REGISTER: M/F Address ---- MMC 
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ADOl 
AG02 
A 33 
AG 5 



CDHHAND; 
DATA; 
ADDRESS J 
TEST COH>iAND; 



DEFS 1 
DEFS 1 
DEFS 2. 
DEFS 1 

PROG 



AOOe 1816 



AC 23 E6CF 



CHD WAIT J 



jCottwand ; 



AOi 



*3F9 



A027 ED4BA0 03 



A32B 3D 
A02C 2CC6 
Aa2E 3AA002 
AG31 02 
A::j3£ IB 36 



h034 3D 
A035 2CG6 
A037 OA 
A 38 32ACC2 
A03B 1B2D 



A03D 3D 

AG3E 20 C7 

A04() 3AAi)02 

A 043 ED79 

AD 45 1823 



;CcMfiand 1 : 
CHDl ; 



;CGMMand 2: 
CH 1)2 J 



jCoMMand 3: 
CHD3: 



ORG 0AO08H 

JR CMD^UAIT 

ORG 0A020H 

LD A, t TEST COMMAND] 

AND COOOllllB 

NOP 

JR Z.CMD^WAIT 

LD EC; i: ADDRESS :i 

DATA --> Me.-ncry [ADDRESS] 

DEC A 

r.i NZ,ChD2 

LD A, i: data:! 

ID EBC],A 

JR DONE 

HsMC-ryCADDRESS] ~-> DATA 

DEC A 

JR NZ,CMD3 

LD A,[BC] 

LD CDATAI.A 

JR DONE 



DATA 



I /or ADDRESS 3 



DEC A 

JR NZ,CMD4 

LD A, C DATA] 

OUT EC], A 

JR DONE 





)CoMMand 4; 


I/OCADDRESS] --> DATA 


A047 3D 


CHD4 ; 


DEC 


A 


A048 2007 




JR 


NZ,CHD5 


A 0-4 A ED78 




IN 


A, }:c] 


A04C 32ACG2 




LD 


CD AT A], A 


Aa4F 1819 




JR 


DONE 
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AOlDl 3D 
A052 201C 



A054 3ES5 
A 056 CBC7 
A058 C64B 
AC5A 2F 



A05B F5 
A05C AF 
AG5P Fl 
A05E 08 



AaSF AF 
A06Ci 08 
A 61 FEOA 



A 63 3&FE 
A 065 2CFE 



A067 CDAODF 

A06A AF 
A06B 32A0 05 
A06E IBBO 



A070 3D 
A071 2004 
A073 2AA003 
A 76 E9 



A077 3P 
A07e 203F 
AC7A IIFFFD 



'fConnand S; Instruction Test PrograM 

CMD5; DEC A 

JR NZ,CriD6 

;Check AccuMulator 

LD A,55H 

RLC A 

ADD A,4BH 



;Check Stack 



I'lMI AF 
XOR A 
POP AF 
E.X AF^AF' 

;Check Seccndarj,* Accumulator 

XOR A 

LX AF,AF' 

CP OAH 



;Hang if Bad 

BAD CARRY; 
BAD ACCUH; 



JR C.BAD CARRY 
JR NZ, BAD^ACCUM 



;Tenit Prir'iary Registsrs 

CALL REG TEST 
DONE ! 

CHECK _ChD: 
;CoM«and 6; JUMP to Me«or y [ADDRESS 3 



XOR A 

LD CTEST.COi^lHAND:! ,A 

JR CHD WAIT 



CMD6J DEC A 

JR NZ,C«D7 

LD HL, t ADDRESS ;i 

:ir tHL] 

;Cof'!riand 7: Arbiter Test ProqratA 



CMD7I 



DEC A 

JR NZ,CMD8 

LD DE,-3 
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;i^ettory address to test 

A07D DD21A6FF LD IX,CA6FFH 

ADBl 210300 LD HL, 0030011 

AQ8-^ 3AAC02 LD A^tDATAil 

;U:RITE_LOOP ; Write alternate location 

; to accuMulator 

A087 DD7700 U1RITE„LC0P! LD [IX+03,A 

AOBA DD2B DLC IX 

A08C DD2B DEC IX 

A08E DD2B DLL IX 

A090 A7 AND A 

A091 ED5A ADC HL,DE 

A093 20F2 JR NZ, WRITE... LOOP 

iCheck alternate locations 

A095 DD21A6FF LD IX,nA6FFH 

AG99 21 030 LD HL, 0030 OH 

A09C DI>4600 READ_LGGP ; LD B,IIX+D:I 

A0 9F BS LP B 

AOAO 2804 JR 2,7E:ST._0I< 

;lf bad read, 0-~>DATA 

AaA2 AF XOR A 

A0A3 32ACC2 LD [DATA], A 

A0A6 DD2B TEST OK; I>€C IX 

AGA3 DD46C0 LD B, CIX+03 

AOAB DD2B X)EC IX 



LD B^CIX+O] 



ADB3 DD2B DEC IX 

A0B2 A7 AMD A 

AGB3 EDSiA ADC HL,DE 

A0B5 2CES JIV NZ,READ.„LOOP 

;KE'iLRN wihoi/t clearing TES7\_CCHHANj() 

riOB7 1BB5 Jiv CHECK..,CHD 

^Cor'iriand 8: C.-ieck for inter r up t«5 

A0B9 3D CHD3; DEC A 

AOBA 20 0£ JR NZ,CMD9 

AOBC 3EA2 LD A,0A2H 

A dee: ED47 LD 1,A 

A ceo 3EeO LD A, 128 

AaC2 FB EI 

A0C3 GO MUP 

A[JC4 F3 d:i: 
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ADCS 32A002 LD [DATA], A 

AGCS 18AC JIV DONE 

jGenerate spurious interrupt 

AOCA 3D CMD9! DEC A 

AOCB 209D JR N2,D0NE 

AG CD 32A0CG LD CINT C0N»3,A 

AjODO 3EFF ID h^,OFFH 

A0D2 328001 LD CINT DHA3,A 

AQD5 06FF LD B/255 

;WAIT_LOOP! Wait 9CC uS 

A0D7 lOFE WAIT LOOP: DJNZ WAIT^LOOP 

AQD9 AF XfJR A 

AODA 328001 LD tINT Dr'^A3,A 

ADDD 188B JU DONE 

;R£G_7EBTj Load 16~b:i.t registers 

AODF 21B740 REG TEST; LD HL,0B740H 

A:)E2 115aF3 ID DE,050F3 

A0E5 01664D LD BC,0664DH 

; V e r i f y s e c o r^ d a r- y r c g i s t e r s 

AOEO D9 LXX 

AnE9 2i:)noi LD HL,1 

AOEC 11CG02 LD DE,2 

A:)EF 010003 LD BC,3 

A0F2 D9 LXX 

; Ch e c k 1 6- b i t functions 

A0F3 EB LX D£,HL 

AaF4 09 ADD HL,BC 

A0F5 ED52 VhC HL,DE 

;Hang if bad 

ACF7 20FE BAD 16B__REG: JR NZ,BAD 16B_REG 

AaF9 C9 RET 

; Hiscellanecus Instructions 

AGFA 3D DEC A 

AOFB ED4D RL7I 
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3. Rotate walking '0' and walking '1' through a r^enory 

4. Run downloaded Z-80 register test. 

I). Arbiter Tests 

1. Check sittultaneous shared ttswory reads and writes by the 
Mainframe and Z-80 processors. 

^~' Y^3.?-M^^^^^ "^^ Card Interrupt Test - 

i. Verify Z--80 interrupt fron nainfrapie write to CDhilAND 
T'egister , — 

F. Z~8D CTC Tests 

t. Cascade timers and verify 1 second timeout. 

<tif.ers 1^.2 in tif>er node, timers 243 in counter fiode) . 
Ji* . Verify interrupts on timers 1 & 2 in counter mode. 
3. Verify interrupts on timers 2 & 3 in timer mode. 

G. Z-8C SIO Tests 

1. Check all bits/character, stop bits and parity options at 
3 b a u d . 

2. Check transmitter all sent indication. 

3 . Ch EC k ver r un er r or d e tec t ion. 

4. Check parity error detection. 

5. Check transmit and ^recieve BREAK. 

11. Default Switch Test 

1. Production Test; Check that all switches arB set to theii 
default values. An optional in teractivcv switch test is 
also available. 

2. Customer/service test; Display settings of all switches. 

I. Card to Mainframe Interrupt Test 

1. Verify that card interrupt is detected by mainframe, 

J. RUN UNIQUE TEST FDR CABLE OR POD. 

K . Card Self-Test 

1. Run c.&r6 pcwarup test and check for errors. 

1. Run ROH check SUM test. 

2. Run shared me.'nory alternating bit pattern test. 

3. Run 2-80 CTC tif.eout tests. 

4. Run Z-8C SIO register and interrupt test. 

5 . Run sema ph o re test. 



6i3j.3j E3I<_ Connect or _aDd--f>h§X&H_.R§J£Jurce^^^ 

A. Check all standard asynchronous baud rates up to 19. 2K baud 
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B. Check Hodert Control Register <t^CR )/Hodc-n Status RECjister <MSR) 



Check Hodert Con' 


irol 


Register 


<t^CR 


Lcopback ; 










1. MCR::=OC 


COCO 


— > 


HSR=XXXG 


OCGC 


2. HCR=:-00 


0001 


»-) 


«SR-==XXXO 


0000 


3. HCR=C(; 


CCIG 


— > 


H3R=XXX0 


GICC 


4. HCR:==-00 


0100 


-- > 


HSR^=^XXXO 


1000 


5. hCR=GG 


1000 


-.-.) 


MSR=^XXX1 


0000 


6. HCR=-»1 


GOOD 


— ) 


MSR=XXXO 


0001 


7. HCR = 10 


OCGC 


~~> 


MSR=.XXXO 


CCIC 



C. Check external clocking 

1. Tx baud generator internal and Rx baud generator external. 

2. Tx baud generator external - toggle MCR bit to clock. 

D. Check auto enables 

1. MCR bit 1 controls Tx autoenables. 

2. HCR bit 5 controls Rx autoenables, 

E. Check synchronous Modes of operation <baud rate up to 20K 
baud) . 

6i..3^4j.__RSr23g_PIE^Cable^ynigue_j:e^ 

A. Check all standard asynchronous baud rates up to 19. 2K baud. 

B. Check Modem Control Register <HCR)/Modert Status Register <HBR) 
L p b a c k ; 

1. HCR^GO OGOO --> MSR-::=XXXG GCCO 

2. i"'CR = 01 --> HSR=XXXO 1110 

3. HCR:==GC OCIC --•> M3R=XXX0 GO 01 

4. HCR=00 0100 --> hSR=XXXO 000 

5. HCR=CG IGCO — > MSR^^XXXl OCCO 

6. MCR=01 0000 --> MBR^XXXO 0000 

7. HCR-IG GGOO — > MSR^^^XXXG GCOO 

C. Check external clocking 

1. Tx baud generator internal and Rx baud generator external, 

2. Tx baud generator external - toggle HCR bit 2 to clock. 

D. Check auto enables 

1. HCR bit G controls Tx autoenables. 

2. MCR fait controls Rx autoenables. 

^jl3j.,5j.„_RSz232„DCE^ Cab le^UniQue, Test 

A. Check all standard asynchronous baud rates up to 19. 2K baud. 

B. Check Madett Control Register (HCR)/hodert Status Register (HSR) 
Lcopback! 

1. hCR--:-00 CCGO --> i13R:=-XXX0 OGOO 

2. r-icR^oa 001 -•-> hsr=xxxo oiio 

3. HCR=:00 CGIC --> H3R=^^XXX0 1001 

4. MCR = 0O 0100 --> «8R=--:XXX0 00 

5. HCR=^00 lOGC ~-> MSR:-^XXX1 COCO 

6. hCR = 31 00 00 --> HSR^^^XXXO 000 

7. HCR=-1G GCCG --> h3R~XXX0 CGGC 

C. Check clock loopback on cable (Tx baud generator internal/Rx 
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baud generator external). 
D . Check auto enables 

t. MCR bit C controls Tx autoenables. 
2. MCR bit controls> Rx autoenables. 



6 ..3^ 6i ^_ RS-449_. PIE^Cab le_yn igu e^Jesls 



A. 



C. 



I). 



Chec 

Chec 

Loop 

1 . 

2. 

3. 

4. 

5. 

6. 

7. 

Chec 

1. 

o 

^. . 

Chec 
1 . 



k all s 
k Hodert 
back : 
MCR=CC 
tiCR=aO 
hCR=GO 
KCR=oa 
HCR=00 
HCR=01 
HCR==10 
l< exter 
T X baud 
T X b a u d 
k a u 1 
HCR bit 
KCR bit 



tandard asynchronous baud rates up to 19. 2K baud. 
Control Register («CR)/ModeM Status Register (MSR) 



COCO 
0001 
GCIC 
QlOO 
lOCC 

oooa 

OOGC 

nal c 

gene 

gene 

enabl 

1 CO 

5 c 



— > 

-— > 

— > 

— > 

— > 

— > 
loc 
rat 
rat 
es 
n t r 
ntr 



HSR 

hSR 

HSR 

MBR 

M3R 

HSR 

HSR 

king 

or i 

r e 



==XXXC 
=XXXO 
=:=XXXC 

=:XXXO 

=XXXO 
••=XXXD 
=XXXO 



COCO 
0000 
GICC 
1000 
COCO 
0001 
CCIO 



nternal and Rx baud generator external 
xternal - toggle? r5CR bit D to clock, 



ols Tx autoenables. 
1 s R x a u 1 en a b 1 e s . 



6i_3j. '7j S§.l§_LiQi<..§!K^._..QkLrSDi-i~ooi2_EoilL.yQifl!iii..„^ 



Ch 
Ch 

Lo 

1 
o 



6 

•7 
/ 

Ch 
1 . 



ec k a 
eck H 
cpfoac 
MCR 
i-XR 
HCR 
f:CR 
HCR 
HCR 

eck a 
HCR 



11 s 
Dde-M 
k: 
==^CC 
==0 
=^0 
= 
==CG 
= 01 

••:=10 
Ut 

bit 



tandard asynchronous baud rates up to 19. 2K baud. 
Control Register (HCR)/Mc)deM Status Register (MSR) 



\ 



HSR=^XXXX 
HSR=XXXX 
HSR==XXXX 
HBR=^:^XXXX 
H3R==XXXX 
HSR =X XXX 
H3R==XXXX 



CGOO 

aoai 
coic — •> 

0100 --) 
10 CO —> 
OOOD — > 

cccc --> 

enables 
controls Tx autoenables 



XOXX 
XIXX 
XOXX 
XOXX 
XOXX 
XOXX 
XOXX 



6_.3_.8i jJi>d§!!l_EM_yrii9.il.§»-It§.lS 

A. Cfieck all standard asynchronous baud rates up to 300 baud. 
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The signature analysis tests will be used in conjunction with the 
co^ip^ehensive test prcgraM for production troubleshooting. This test 
could also be used by the field for component level repairs in the 
f u t u re. 

This test will consist of two parts. The first part will be driven 
by a 50011) Microprocessor €x6'rciser with a custoM test EPRDM. 
The second part will be driven by a program in Chipmunk to test the 
Mainframe interface including the shared RAM and registers. 



Required Equipment! 

50G1D Microprocessor Exerciser Unit 

SA EPROM ET14662 

5C04 or sees Signature Analyzer 

tlainfrar^.e test stimulus board 09626-66541 

9326 mainframe and extender board 

Balanced test connector 



Configuration : 

Remove the 780 processor (U28) and insert in the 

n t h B 5 1 D e x er c i ser . 
Insert the ribbon cable DIP plug from the 5n01D i 

socket on the brtard, «-iligning pin 1 on the plug 

socket . 
Insert the test program EPROM into the 24 pin sec 
Conne-ct the Start, Stop, Clock, and Ground wires 

<?.nalyzer to the output pins on the edge of the 
Apply power to the board. The two displays on the 

light up. If the displays light dimly, the 40 p 

is reversed. 



40 socket 






n 1 t h e p r 


cess or 




with pin 


1 of th 


« 


k e t on the 


5C01D. 




from the s 


ignatur 


e 


5C01D. 






5001D should 




i\\ plug 







Testing 5 

Select in 
on top 

Select th 
two sev 
u ri t i 3 t 

The GATE 
If not, 
n jmber . 

Touch the 
probe w 
it i s a 
Ihe not 
is tota 
with "B 



ternal or external ROM as required with the slide sw 
of the 5GC1D. 

e test number by pushing the two bu 
en- segment displays. Both decimal p 
he 'ENTER' button is pressed to sta 
indicator on the signature analyzer 
something is wrong. Check the conn 



ttons underneath 
oints will light, 

irt the test, 
should be blinki 

lections and the t 



test probe to the desired test poi 
ill flash if it is seeing pulses, 1 

constant +5, or go out if it is co 
ation "ALWAYS LOW" or "ALWAYS HIGH" 
11 y out, or brightly on. When a si 



nt. The light in 
ight brightly if 
nstantly grounded 
r. e a n s t h c:.^ p r i) b e '. 
g n a t u r e is f c 1 1 o w ■■ 
.INKING", it f.eans the probe light m-jst be flashing. 



itch 
the 



ng. 
est 

the 



igh t 
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Indenting system; 

The signatures listed in this docuwent s^tb prioritized using aw 
indentation systcM. Highest priority are the lines closest to 
the left edge. If those higher priority signatures Match, 
the More indented tests underneath need not be perf orr'»ed . 
If the original test fails, the faulty coMponent can be located 
by tracing through the nore detailed, indented signatures, 

ExaMple; 

1) . . .U32-2: 8126 

2) ...... U4~6 07FF replace U4 

3) U24--2 673P replace U3C 

4) U24~l 8126 replace U24 

5) ...U32~4 P1H4 

6) U16-6 8126 replace U17 

7) ..,U17-5 P1H4 

Test the signature shown in line 1, If it is g<3od, then go to 
line S. If it is bad, then test lines 2,3, and 4, and follow the 
r Eplace^eri t instructions on the line with the bad signature. 
If line Z is good then go t :; line 7. Otherwise test line 6. 
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§ii3D:^ili^L§«.£:0iii-^i§..>.I§§I_Ei£*:^._Q!i^Ll 

•+ + -t • — + 

Self test I A I I X I > if bad 

i t 

•4 •♦ + + Otherwise 

ROM tcB-i- i B I > IB. II Free run 

^ 4 ,(..„-.-_..._ ^ + ■ "- 

I .. ._,„._... . .. ,_ -.. -- 

•f *• + f 

RAfi te:•s^t ! C I > IC.li ivl".ared r.enory hdw 

+ + ^^.^^. + + (|.p directed) 

I 

•f ♦• 

RAH test I D I < if 9B629) 
+ + 

I 

•f ♦• + f 

Rsni-et/ID IE. II -~ > IE. 51 Supp . Shared Hdw 

•f + + + 

I / 

I / 

i 1 

V V 

•f "f •♦• f 

Intr/DMA ! E:.2 I > IE. 51 Bupp . Shared Hdw 

+ 4. + f 

I / 

I «. -. / 

I I 

+ ~+ + ♦• 

Sewaphore i E.3 I > IE. 51 Supp. Shared Hdw 

+ + + f 

I / 

I r 

V V 

•f + 4- f 

HodeM Reg. I E.4 I > IE. 5 1 Supp. Shared Hdw, 

4. + 4. 4, 

I / 

' ^ ^ / 

I I 

V V 

+ f 

CTC test I F I 

+ f 

I 

BIO test I G I 
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+ + 

I 

•+ f 

Switches I H I 
4 + 
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TEST A; Z-80 Self Test 



Test Description; 

This test runs an exhaustive test of the instruction set of 

the 2-80 microprocessor. If successful, the Microprocessor 

is operational. Otherwise, it «ust be replaced. 
Eetup ; 

Reset wainfrawe 

Select 50G1D test #0 

Clock : Rising Edge 

Start: Rising Edge 

Stop: Falling Edge 



(internal ROM) 



Signatures : 

NOTE: All signatures are taken on the pins of the Z-SOA HPU 

in the 5001D socket. 

If there is no gate, check sy-steM clock by following pin 6 

pTQC€:<iur e , 



, .Pin 



11 (\?r.r) 


: PA55 




Pin 6 <Ph 


i) : BLINKING 




. . .U13-8: 


BLINKING 




. . .U19~3: 


BLINKING 




. . .U19-1 : 


always '1' 




. . .U19-4; 


always '1 ' 




. . .U19-5: 


BLINKING 




. . .U19-6: 


BLINKING 




. . . U28-6 : 


BLINKING 




If pin 6 


K , t [i e n r e p 1 a c e 


z~8a 



Replace U18 

U'l Missing or c!efe?ctive 
R13 pullup bad or shorted 
R 14-3, 7'' bad or shorted 
Replace U19 
Replace U19 
Bad clock driver 
CPU. 
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Test 



-80 ROH Test 



Test Description; 

This test reads all ROM locations and serializes the data 
through XO on the 5001.D. The 2-80 data bus, Z-BO address 
b»JB and PrograM ROH (U29) are tested. If this test fails 
run test *B . 1 ; otherwr.se continue with test C. 

Setup J 

Reset wainfrawe 

Select 50C1D test #1 (external ROM) 

Clock: Rising Edge 

Start I Rising Edge 

Stop I Falling Edge 



Signatures; 
. .XG Output frott 50G1D5 



98628 Opt ICOi 

98629 J 33A7 - 



1U7U 

EPROH, 61 PC - 



ROH 
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T<-:st De^scrip tion 5 
In this test, 



a NOP instruction is forced onto the Z~8C CPU 



data bjs by the 5001D exerciser. This causcvs the Z-80 to 



read its entire 64K--byte address space 
check the 2-80 data and address buses, 
successful, this test May be skipped. 



This test will 
If test B was 



Setup! 



(external ROM) 



Reset Mainframe 
Gelect 5CC1D test #0 
Clock: Rising edge 
Start: Rising edge 
Stop: Falling edge 



::>igna t ures : (all signatures taken on the PC board) 



A 



ddres 
.U28~ 
. U2B-- 
. U28~ 
. U28- 
. U23 ■"• 
.U28- 
. U28- 
. U28- 
. U28- 
. U28- 
. U23- 
. U28"- 
.U28- 
. U2S- 
.U2B~ 
.U28~ 



Bus: 

(ZAll) 

(ZA12) 



3 ( 

5 < 

30 

31 

TO 



ZA13) 
2A-i4) 
ZA15) 
<2A0) 
(2Ai) 
(2A2) 



33 (2A3) 



35 
36 
37 
38 
39 
40 



(2A4) 
(ZA5) 
<ZA6) 
(2A7) 
(2AB) 
(ZA9) 
(ZAIO) 



1293 
HAP 7 
3C96 

V-* W Am / 

755P 

UUUU 

5555 

CCCC 
7P7P 

5H21 
OAFA 
UPFH 
52F8 
HC8? 
2H70 
HP PO 



Replace 


Z-8C 


CPU 


Replace 


2-B 


CPU 


Replace 


Z~8{; 


CPU 


Replace 


Z~BO 


CPU 


Replace 


Z-8C 


CPU 


Replace 


Z-8 


CPU 


Replace 


Z-8G 


CPU 


Replace 


Z-8 


CPU 


Replace 


Z-8C 


CPU 


Replace 


2-8 


CPU 


Replace 


Z-80 


CPU 


Replace 


Z-8D 


CPU 


Replace 


Z-8G 


CPU 


Replace 


Z-8 


CPU 


Replace 


Z-80 


CPU 


Replace 


Z-80 


CPU 



Control Line: 

. .U29~2G (ZMREQ) 



Data B 
If 
lin 

UOO-.. 

.U29- 
. U29 - 
. U29- 
. U29- 
. U29- 
. U29- 
. U29- 



us: 
the 
e Ma 

11 ( 

12 ( 

13 ( 



BLINKING 



W2 Missing or bad Z-80 CPU 



ID 
16 
17 
18 
19 



1 g i 
y be 
ZDG) 
2D1 ) 
ZD2) 
2D3) 
ZD4) 
ZD5) 
ZD6) 
ZD7 ) 



c probe dos not blink when testing the data lines, the 

shorted by another deyice on the bus. 
blinking Replace ROM (U29) 

blinking Replace ROM 

blinking Replace ROM 

blinking Replace ROM 

blinking Replace ROM 

blinking Replace ROM 

blinking Replace ROM 

blinking Replace ROM 



<U29) 
(U29) 
<U29) 
(U29) 
<U29) 
(U29) 
<U29) 
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Test a I RAH Test 



Test De sc r ip f ion; 

This test checks the lower block of shared RAM <U25) . The 
test is as follows; 

Write checkerboard to «e.iory. 

Read checkboard fro^5 r'.ettory . 

Write checkerboard inverted to ne«ory. 

Iiea6 checke?rboard inverted fron KCvMory. 

Write the high order of even addresses to itself 

and the low order to the next (odd) address of 

t^efiK,r y , 

Read the addressed froM weMcry. 

Repeat the test. 



1) 
2) 
3) 

5) 



6) 



Tnis is the first test to access shared fisi^ory. If the 
■':Ests i«:i.l, the pr oble^i way ;-}ither be with the U25 RAH or 
w::l. th the s! tared Me;icry circuitry. If the SA logic probe 
doEs not blink when tfi:;:^ti^y the data lines, the,; i^ay be 
:1 bv another device on the bis, 



-; (\ r 



Setup I 



R e s e t m a i n F r a m e 

Select 50C1D test #2 (external ROM) 

C 1 c k : R i s i ri g Edge 

S t a r t ; R :i. s i n g e d g e 

St p ; Fa 1 ling Edge 

•*-5 Signature; 60U2 



£ i g n a t j res; 

The pin numbers on U2-5 refer to socket pin numbers, not to the 



Rv-ri chip pin numbers! 

ALVIN 



TH£0 TH£0 

EPRCh ROM 



U29- 
U29- 
U29- 



11 
12 
13 
•15 



U29~16 
U29-17 
U29-1B 
U29-19 
U28-24 



U25 
1 1 



U25 

U25 
U25 
UE5 



*=^- 1 ?> 



<2D3) ; 

<ZD1 ) ; 

(71)2) ; 

(Z:{)3) ; 

(2D4) : 

(ZD5) : 

(7D6) ; 

(ZD7) ; 

(WAIT') 

11 (SDG 
(SDl 
(SD2 
(SD3 
(BD4 
(Si)5 



i «: 

13 

15 
16 
17 



e... t (..' u- 

26H1 
648H 
25H8 
U98U 
66F1 
6 92 A 
PF52 

6aU2 BL 
: CP87 
; 99C9 
: 2159 
: 1 959 
1 4U8P 
: PPCH 



UlAH 

\j •-} '-/ u 

950C 
67 OC 
U42A 
CUC9 
FF89 
INKING 



7PUt 
P913 
53611 
PAH6 
H7U4 
1842 
P920 
OUIC 



Replace U45 
Replace U45 
Replace U45 
Replace U45 
Replace U45 
Replace U45 
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.U25 

. U25- 

.U25- 

.U42- 

. U42- 

.U25 

.025- 

xU25" 

. U25- 

. U25 

,U25- 



• U 

.U25- 

. U25 
.U2B 
.U28 
.U31 
.U31 
.If 
sig 



18 
19 

20 
•10 

11 

•3 
4 
•5 
■6 
■7 
•B 
9 
10 
21 



< BD6 ) ; 


CC2a 


<SD7) : 


PF03 


<SWR') 


. 6DU2 


<SRD') 


8127 


(CE' ){ 


673P 


ALWAYS LOW 




AA9C 



— A 



-3 < 
-13 
-14 
one 
n a t u 



SA7) 

SA6) 

SA5) 

SA4) 

SA3) 

SA2) 

SAD 

<SAO) : 

(SAIC) 

<BA9) 

<BAS> 

2A14) 

ZA13) 

<BA14) 

<SA13) 

of the 

re 



are 



UA14 

A825 

P75H 

2U75 

FA66 

5Ue3 

4396 

A46A 

66A4 

H1U9 

0HC5 
0000 
07FF 
00 
C7FF 

prinar 
good, 



BL I N'K 
BLINK 
BLINK 
BLINK 

9 '-siQ 
then 



Rep 
Rep 
U4 
Run 
Run 
Run 
Run 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rsp 
Rep 
Rep 
Rep 
was 
TBiilace U2 



un tenjt C.l 



ING 
ING 
ING 
ING 
natures 



SiCi::: U45 

azB U45 

nstalled?, 

test C.l 

test C. 1 

Test C.l 

Test C. 1 

ace U41 

&c(^ U4 

ace 1140 — - 

ace U40 

ace U4C 

BCB U39 

ace U39 

AC<:-! U39 

Qce U41 

ace U41 

ace U41 

ace 2~B0 CPU 

acQ Z-8G CPU 

&CG U42 

ace U42 

b a d a r^ d a 1 1 sec i-ix\da r y 
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Test Dascr ip t i on } 

This test will check the shared Memcr^ controller logic. 

Setup ; 

Reset wainfrane 

Select 5GG1D test #2 (external RO^f) 

Clocki- Falling Edge 

Start: Rising edge 
S 1 p ; Falling Edge 
+5 Signature: 6CU2 

Signatures: 



U32-2; 8126 






...U4~4 (RFSH')5 6QU2 BLINKING 


Replace 


Z-8G 


. . .U4"5 (ZA15) : a7FF 


Replace 


Z-80 


...U4-6: C7FF 


Replace 


04 


..,U24-2: 673P 


Replace 


030 


. . .1124-1 : 8126 


Replace 


024 


U32-3 5 ALWAYS LOU 






. . .U24-9: ALWAYS HIGH 


Mainframe on 


. . .U24-1D: ALWAYS LOW 


Replace 


024 


. . .U4-11: COCO BLINKING 


Replace- 


•> 04 


IJ32-4: P1H4 






. . .U16-4: 8126 


Replace 


017. 


. . .in6-6; 60U2 BLINKING 


Replace 


016 


. . .U24-13: BLINKING 


Replace 


024 


. . .in 9-9: ALWAYS LCW 


Replace 


019 


. . .U32-4: P1H4 


Replace 


032 


U17-5: P1H4 


Replace 


017 


U17--6: 8126 


Replace 


017 


U17-8: 60U2 BLINKING 


Replace 


017 


U32-7: FHA5 






. . .023-15 (2RD') : FHA5 


Replace 


2-8C 


. . .023-13: AH57 


Replace 


023 


...032-7: FHA5 


Replace 


032 


U32-9: P1H4 


Replace 


032 


032-12: ALWAYS HIGH 


Replace 


032 


U36-6 <SWR') : P1H4 


Replace 


036 


016-3: 8126 


Replace 


016 


04-3 (WAIT'): 60U2 BLINKING 






. . .012-13: ALWAYS HIGH 


Replace 


027 


. . .012-11 : ALWAYS HIGH 


Replace 


012 


. . .016-8: P1H4 


Replace 


016 


. . .016-12: ALWAYS LOW 


Replace 


030 


. . .016-13: ALWAYS HIGH 


R14-6 or 027 


. . .U16-11; ALWAYS HIGH 


Replace 


U16 


. . .04-2; 6C02 BLINKING 


Rc^place 


036 


. , ,04-3: 6aU2 BLINKING 


Replace 


U4 



CPO 
CPO 



test C?^ replace 04 



CPO 



bad 
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7e s t D e 5c r- i p 1 i o n i 

This test checks the U26 RAM (used en the 98629 but not the 
9B62B). It is identical to test C e^xcept for the address 
space tested. 

Setup ! 

-Reset Mainframe 

Select 5CC1D test #3 (external ROM) 
Clock; Rising edge 
Start; Rising edge 
Stop: Falling edge 

. . .U29-11 (7DC); 293C 

U29-1.2 (ZDl); 26Ht 

U29-13 (ZD2); 64SH 

U29~15 (7D3) ; 25H8 

U29~16 (Z.D4) ; U98U 

Uc:9--17 <ZI)5> : H062 

U29-18 (ZD6) ; HU89 

U29~19 (ZD7) ; PF52 

If all of these signatures were good^ continue witfi Test F. 

OtheF^kiiEe^ check the following points. 

.L!2B~4 (ZA14); 07FF Replace Z-8C CPU 

....U31-13 (SA14): 07FF Replace U42 

.U23-3 (ZA13): OCCC BLINKING Replace Z--8C CPU 

....U31-14 <EAr3)j OODO BLINKING Replace U42 

.,..U26-20 (CE'); 673P Replace U31 

.... U26-22 (SRD' ) ; 8127 SRD bad 

....U26-23 (SWR'): 6CU2 BLINKING SWR bad 
If these signatures i.^t(& OK then the U26 RAH is hd^^ , 
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Test 2)E5cription J This test writes a walking '1' to the RESET/ID 

register^ it then reads the register. 



Setup : 

Reset «ainfra«e 
Select 5GC1D test #10 
Clock? Rising Edge 
Start; Rising Edge 
Stop; Falling Edge 



(external ROM) 



+5 Signature; 275C 



Si 



gnatures ; 




. .U15-1G <R14- 


-4): ALWAYS 


. .U15-8 <RST) 


CF50 


. .U15~9 (RST': 


> ;9CGC 


..U5-9 <SDO) 


0A47 


. .115-7 (SDl) 


1C40 


. .U5-5 (SD2) 


OIHC 


. . U5 -3 ( SD3 ) 


C815 


. . U33-4 ( SD4 ) 


lUll 


. .U33-7 (SD5) 


2471 


. .U33~9 <SD6) 


4F15 


. .U33~12<SD7) 


HC9H 



HIGH 



R14 


pull 


up ba 


d 


Rep] 


a c: e 


U15 




Replace 


U15 




R14 


pull 


u p b a 


d 


R14 


pull 


up ba 


d 


Rep] 


.SCB 


U35 




R14 


pull 


up ba 


d 


Rep J 


.acB 


U33 




Rep] 


Lace 


U33 




Rep] 


lace 


U33 




Rep] 


Lace 


U33 





Test „Ej_2i_ Interru};)t/I/HA_Register_Test 

1b ■••• t De E c r i p t i o n ; 

This test is the same as test E.l except 
ir-.terrupt/DHA registerM.-> arG accessed. 



that only t h b. 



Setup ; 

Reset rta infra fie 
Select 5GC1D test #11 
Clock; Rising Edge 
Start; Rising Edge 
Stop: Falling Edge 
■*-5 Signature; PFHF 



(external ROM) 



Sign 



at ures 


; 




U33-10 


(Int 


Req FF) : UC17 


1133-13 


(Int 


En FF) : PAUU 


U5--9 


(SDC) 


AU14 


05-7 


(SDl): 


0UF4 


U5-5 


(SD2) 


507P 


U5-3 


(SI)3) : 


P58C 


U33-4 


(SD4) 


A64P (P121 fo 


U33-7 


(SD5) 


6C78 


U33-9 


(SD6) 


C67C 


U33-12 


(SD7) 


: 81PC 



93629) 



Replace U23 
Replace U14 
R14 pull up bad 
R 1 4 p u 1 1 u p bad 
Ri4 pull up bad 
R14 pullup bad 
Replace U33 
Replace U33 
Replace U33 
Replace U33 
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Jest E_j_3; igdiE.ti£[l§_I§s.t 

Te s t iJescr i p t i o n : 



This test is the sane as test E.l except that only the sefnaphcre 
is tested. 



Setup I 

Reset wainfrane 
^Select 500 ID test #12 
Clock; Rising Edge 
Starts Rising Edge 
Stop; Falling Edge 

•fS Signatures FHFC 

Signatures: 
. . .U35-5 (SeM FF) s AF02 
. . .U35-6 <SI)7): U941 



(external ROM) 



Replace U14 
Replace U3'ii 



Te§,t_,E^4i Hcde>]!_Rei3ister_Test 

Test Description! 

This test is the saM© as test E.l except that only the Mcde."n 

register is accessed. 

Setup : 

Reset Mainframe 
Select 5()aiD test #13 
Clock; Rising Edge 
Start; Rising Edge 
Step; Falling Edge 

+5 Signature; 766P 



Mo 1 1 a Q€!! Chec k s ; 
U7~5: -11 
07-8 1 +12 
igna tyres: 
" .U5-9 (SDO) ; 
. U5-7 
.U5-5 
. 05-3 
.U5-I3 
. U5-1 1 



(SDl) 
<SD2) 
<SI)3) 
(SD4) 
<S»5) 



3 volts +/- 1C% 
volts +/- 10% 

85CU 
C1C9 
0774 
1671 
1 8A'o 
C524 



Check CRl or Fl 



06-* 
,U6- 
.06- 
JJ6- 
.U6- 
,U6- 
.U6- 

U6- 



•6 
•9 
•12 
15 
16 
■19 
•6 



(HCR3) : 

<?1CK7) ; 

<HCRC) : 

<HCR4); 

(MCR5) 

<KCR1) 

<HCR6) 

<fiCR2) 

(0CD3); 



6AS7 
4777 
A7F2 
7328 
F339 
S574 
8312 
9A2C 
4UUA 



Replace U6 
Replace U6 
Replace U6 
Replace U6 
Replace U6 
Replace U6 
Replace U6 
Replace U6 
Replace U7 
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. U7-7 


<CCD4) ; 


1 7U2 


.U2-6 


<0CD2) : 


F32H 


.ua-7 


<0CD1) : 


CC7C 


,Ul-6 


(RS) : 


258U 


.Ul"-7 


(TR): 


HFI14 


.U9-9 


(CS) ! 


231A 


.U9-1Q 


<CS) ; 


5574 


7t}9~lt 


1 


5574 



TU£, JUL 27, 1932, 
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Replace U7 




Replace U6 




Replace U6 




Replace Ul 




Replace Ul 




Bad Test Connector 




Bad Te'3t Conne:ctor 






,. 



(none for 98629) 
(none for 98629) 



Replace U9 
v'OTE: Take the next two signatures (withoutthe test xonnector 

on a 98629) only if the preceding one is bad. If these next 
two signatures are tfjen good, then the test connector is bad 

.U8-13(TR){ 231A Replace U8 

,U8-14 (TR): 5574 Replace U8 



U9-13 (ST) : A7F2 

NOTEj Take the next two signatures (without the test connector 

on a 9B629>- only if the preceding one is bad. If these next 
two signatures are then good, then the test connector is bad 

Replace U& 
Replace U8 



. . .U8-5 (RS) 5 


HIAF 


.. .U3~6 (RS)5 


A7F2 


.in 0-1 (JDH); 


4L;UA 


.UlO-2 (DXi) : 


ALWAYS 


. UlO-3: 


3994 


.U1C~6 (RR) : 


ALWAYS 


,U1 0-7 (RR) J 


17U2 


.U10~5j 


619F 


.U10~9 (OCRl) 


;CC7C 


.UlO-lG(OCRl) 


ALWAYS 


.U10~ll ; 


FH15 


.U1C~14(0CR2) 


ALWAYS 


.U10~15<OC:R2) 


F33H 


.U1C~13: 


C543 



LOW 



LOW 



LOW 



LOW 



Bad Test Connector 

Bad Test Connector 

Replace UIO 

Bad Test Connector 

Bad T e s f Conn e c t o ?" 

Replace UIO 

Ba d Test Conn ec t o r 

Bad Test Connector 

Replace UIO 

Bad Test Connector 

Bad Test Connector 

Replace UIO 
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Test Desc;ripticn : 

This test writes a walking '1' to all shared hardware 
control registers; then it reads the shared hardi^tare statu^;> 
registers. 

This test is only run if there is a j)robleM with tests Etl~E.4j 



Setup ; 

Reset Mainframe 

Belect SOGID test #4 (external ROM) 

Clock; Rising Edge 

St<i5rti Rising Edge 

Stop? Falling Edge 



•♦•5 Signature; 



\HHC 



Test connector rrjst be installed 

Interrupt level and reMcte control switches must be set to 
V a lues. 



default 



Signatures 5 



,U3C~9 


(Int Level): OCGO (5HHC 


for 98629) 


Correct switch posi- 


.ion 


.U30~3 


Clnt Le^el) : OODD 


Correct 


switch position 




.033™ 14 


(Rei'n Control) 


J HIGH 


Correct 


switch position 




.U3a-4j 


ALU^AYS 


HIGH 




Replace 


U3 




.U3C-8; 


ALWAYS 


HIGH 


(DCCC for 


98629) Rep: 


\.ace U3C 




. U2B- 3 


<2Ai3) : 


87!^H 




Replace 


2-8 a CPU 




.U2B~4 


(ZA14); 


OCCO B 


U.INKING 


Replace 


Z-SO CPU 




.U42-12 


<SA14) ; 


DOOO B 


u_INKING 


Replace 


U42 




.U42-13 


(SA13)i 


875H 




Replace 


U42 




.U42-14 


(SA12) ; 


OOaa BLINKING 


Replace 


U42 




.U31 -12 


: 99AC 






Replace 


U31 




.U36-9; 


432F 






Replace 


U30 




.U36-1C 


: 432F 






Replace 


U38 




.1.136-11 


: 9CFC 






Replace 


U30 




.U36~8; 


1PU7 






Replace 


U36 




.U37~3; 


933A 






Replace 


U37 




.U37~6: 


99AC 






Replace 


U37 




. U37-1 1 


J HA86 






Replace 


U37 




.U22-1J 


3GU1 






Replace 


U30 




.U23-5: 


ALWAYS 


HIGH 




Replace 


U22 




.U23-6 5 


ALWAYS 


HIGH 




Replace 


U22 




.1.123-1 a 


! ALWAYS 


HIGH 




Replace 


U22 




.U23-11 


; UIPP 






Replace 


U22 




.U23-12 


5 ALWAYS 


HICH 




Replace 


U22 




.U23~9j 


5P8F 






Replace 


U23 




.U21~4 


7F0F 






Replace 


U21 




.U21-5: 


ASPU 






Replace 


U21 




.U21-6: 


CCUA 






Replace 


U21 




.L121-7: 


411U 






Rf place 


U21 




.U21-9J 


SHHC 






Replace 


lJ2i 
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. .UEl-^lO; 5HHC 

U21-11: 5HHC 

IJ21-12: 5HHC 

. . . . . .U4-8J A73P 

U3-1~9 (IR6' ) 
U34~U <IR5') 
U34-U <IR4') 
U34~12 <IR3') 



0000 
OCCO 
0000 
OCOC 



Replace U21 

Hfrplace U21 

Replace U21 

Ix't'place U4 

Replace U34 

Replace U34 

Replace U34 

Replace U34 
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Test F; CTC a!12) Test 



Test Description: 

This test sets up each of the CTC channels for 
waits -Tor tir.eout; tfien, repeats the test. 



a tiweout; 



Setup 5 



Reset MainfraMe 
Se 1 ec t ^^0 C 1 D t es t #5 
Clock: Rising Edge 
^ t cs r t f ^.i sing Edg e 
Stop: Falling Edge 
+5 Signature: 3A!-I0 



Xext^rn^l 4?0?1) 



Signatures: 
. . .TP3: 23ri2 



TP4: 5548 


U12-9 <7.C/T02) : P407 


U112-12 <2INT^) : IVPO 


. . . . . .U12-10 <ZIORQ') : AU84 




.U12-13 <.TEI): ALWAYS HIGH 




. .U12-14 iZtiin :5P73 




.U12~22 5 BLINKING 




. .U12-23: BLINKING 




.013-3: 677C 




. .U13--6: 23H2 




.U13-n: 5F1F 




.U13-3: 554S 




.Ull-2: OOOa. BLINKI.NG 




.Ull-14: CGOC BLINKING 




.U11--7: 23H2 




.1111-9; 5548 


. . . . . .U12-12 (2INT') : 19P0 




.Replace U12 



Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
Rep 
R14 



lace Z-8C 
lace U27 
lace Z~80 
lace U15 
lace U15 
lace U12 
lace U13 
lace U12 
lace U13 
lace U6 
lace U6 
lace Ull 
lace Ull 
-15 or Ul 



CPU 
CPU 



bad 
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SIC (U23) Test 



T- ,_ ^. * T\ ^. .. J .• . J .1 .. _ , 

t t: » '. i- c S: U I J. f .' '. a. W I ! » 

This test sEt^i up the Z-8C SIO and Z-8CCTC to transwit and 
r£C£iv£- a charac ler. Most parts of th £y9.te« have been 
chcv-c;. ked uy now inclt'ding the Mcde."n latches line drivers, 
line receiv'ers, and 2-8 D CIC. Khis test will basically 
chc-s-k the 2-SO SIO and its interface tc- these ether parts.. 

Setup ; 

Reset fia infra fie 

Select SGCID test *6 (external ROH) 
Xlock; Rising Edge 
Start: Rising Edge 
Stop; falling Edge 
+5 Signature; HUHC 









Alvin 


Theo 
(EPROfI) 


Theo 
(ROM) 


Siqnatur 


es: 










. '. . U27~ 


"15 


(TxDA); 


6425 


HJ36 


HU36 


U27- 


-12 


(RxDA) { 


6425 


HIJ36 


HU36 


U27- 


-5 ( 


21 NT') I 


C6AS 


06A8 


C6A8 


U28- 


-24 


(WAIT') 


; HUHC 


HUHC 


HUHC 


U29- 


-11 


(ZDC); 


A2FU 


C65A 


8297 


U29- 


12 


(2D1) ! 


CCHA 


VPAA 


H95C 


U29" 


"13 


(2.02); 


C489 


732P 


C8C9 


U29- 


•15 


(21)3); 


C9PP 


83A6 


96F6 


U29" 


-16 


(2D4) ; 


72 C 9 


7594 


9272 


L529- 


-17 


(2D5) ; 


7P6P 


U936 


8H36 


U29- 


-18 


(2D6) : 


6P9P 


0998 


1792 


U29- 


-19 


(21)7) ; 


P38C 


774P 


4153 



Alvin 



Theo 



UB- 


.9. 


U624 


AF5U 


Replace U12 


U3- 


•10 (TTB); 


U624 


U9CU 


Replace U8 


US- 


11 CITA); 


29UU 


7384 


Replace U8 


U9- 


-7 (RTA); 


29UU 


7334 


Bad test connector 


119" 


•6 <RTB): 


JOOD 


U9CU 


Bad test connector 


U9" 


-5 1 


G25C 


A!=-5U 


Replace U9 



A 1 y i n ^y. 1 h e 1 



U3 -7 ; 

U8-6 (RBB); 

U3-5 (RSA): 



.IJ9~15 
.U9-14 
.U9-13 



( ST A ) 
(STB) 



ALUIAYS HIGH 
ALWAYS HIGH 
GDCC BLINKING 
DDDO BLINKING 
CCOC HUHC 
ALWAYS HIGH 



Replace U6 
Replace UB 
Replace U3 
Bad test connector 
Bad test connector 
Replace U9 
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Alvin Theo 



.U27-13 5 


UHUC 


none 


Replace Utl 


.U27-14; 


U624 


AF !iU 


Replace Ull 


.U3~l : 


6425 


HU36 


4?eplace U27 


.US-2 <SDB) J 


6425 


HU36 


Replace UB 


.U3~3 (SDA)i 


CCUP 


COPH 


Replace US 


.U3-7 <SDU)! 


CCLIP 


DOPH 


Replace U3 


.119-1 (RDA) J 


rcup 


CCPH 


Bad test connector 


.U9-2 (RDB); 


0000 


HU36 


Bad test connector 


.U9-3; 


6425 


HU36 


Replace U9 


.U28>24 (2-80 


WAIT') 


• HUHC 


R14-6 or U27 bad 


.Replace U27 
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Test H: Default Switch Test 



Test Descriptions 

This test checks the default switches and buffers. These switches 
only used ^'^t powerup default conditions and have no other efft^ct o 
the card operation. If their function is of nc concern, this test 
be skipped. Two signatures ^t& shown for each switch ~ one for the 
^OFF^ post ion, the other for 'ON' . _ For a complete test, to^gl^ 
each switch when testing. 



Setup ; 

Reset wainfrane 

Select 5GC1D test «7 (external ROM) 

Clock: Rising edge 

Start! Rising edge 

Stop; Falling edge 

+5 Signature; C7U3 

Signatures: 

Switch position: J.0N1 IQFFl 

Alvin Theo Alyin Theo 



U20~4: 
. . .U2G-3: 

u2 ~ / : 
. . .U2C--6: 

U20-9: 

. . .U20-1G: 

U20-52: 
. . .U2C-13: 



07U2 07PB 
HIGH 

032 0169 
HIGH 

0581 07F4 
HIGH 

05B3 0765 
HIGH 



06UO 06PA 
LOW 

0222 a06C 
LOW 

0483 06F6 
LOW 

0481 0667 
LOW 



Sig . bad: rf&'^\Sit.B U2C 

Sig good: R17-2 or SWi. bad 

Sig, bad: replace U2C 

Sig. good: R17-9 or SkU bad 

Sig. bad: r^'^'lOiZ^ U2G 

Sig, good: R17~l or SWI bad 

Sig, bad: v^x.i\az.^ U20 

Sig. good: R17-B ^iV SWI bad 



Change to 50 ID test #8 



. .U2()--4: 
. . . . .U20-2; 

. .U20-7: 
. . . . .U20-5: 

. .U20-9: 

. . . . .U2C~11 : 

, .U20-12: 
. . . . .U2C-14: 



C7U2 07P8 
HIGH 

0320 0169 
HIGH 

0581 07F4 
HIGH 

0583 0765 
HIGH 



(external ROH) . 
06U0 G6PA 
LOW 



0222 06C 
LOW 

0483 06F6 
LOW 

0481 0667 
LOW 



Sig. b a d : •" ep lace U2 

Sig good: R17~13 or SWI bad 

Sig. bad: replace U2C 

Sig. good; R17-12 or SWI bad 

Sig. bad: replace U20 

Sig. good: R17~ll or SWI bad 

Sig. bad: replace U2G 
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Parts not tested 



Set &nd clear of coMrnanci FF . 

Arbiter collisions (sittultanecus accesses by Z-8C and M/F) . 



